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Executive Summary

Dennis Freshwater Ponds: Water Quality Status and

Recommendations for Future Activities
Final Report
September 2009

Cape Cod ponds are part of the regional aquifédesyand, as such, are linked to
drinking water and coastal estuaries, as well ggpaftiutants added to the aquifer. In Dennis,
water quality in the ponds are generally a reftecof the amount of development around the
ponds, including impacts from wastewater, fertilizeand stormwater runoff, as well as the
individual characteristics of each pond. Until tb@pe Cod Pond and Lake Stewardship (PALS)
program was created, water quality in most ponds gemerally limited to anecdotal information
from long time residents.

The Cape Cod PALS program provides a focus for jpead concerns and staff from
Coastal Systems Program at the School of Marinen8eiand Technology (SMAST),
University of Massachusetts Dartmouth and the Cgpd Commission (CCC) provide training
and guidance to local volunteers about collectiagewsamples, as well as access to University
researchers, comprehensive links to other regiwatdr quality management/assessment
activities like the Massachusetts Estuaries Pr@edtstaff experienced with management of
pond water quality and pond uses.

Volunteer water quality sampling activities have te eight consecutive, annual PALS
water quality snapshots, which have included fab®tatory analysis through SMAST. Citizen
enthusiasm for pond water quality has also encaaragher data collection, including grant-
supported, citizen monitoring with laboratory sees provided through the Cape Cod National
Seashore, and has led to extensive advocacy fal water quality protection. The extensive
monitoring activities have created a large dataseblunteer-collected pond water quality data
in need of analysis and interpretation.

Through funding provided by Barnstable County, SMAsSaff have been contracted by
the CCC to review all available laboratory anddielater quality data collected by Town of
Dennis volunteers from 11 ponds between 2001 af8.2( addition to the town-wide review,
this review also includes more detailed reviewinf®nds selected by the Town of Dennis:
Bakers, Cedar, Coles, Eagle, Flax and Scargo. elimese detailed, pond-specific reviews
include delineation of pond watersheds, developroémater and phosphorus budgets,
characterization of the ponds ecological statud,ranommendations for next steps.

Regulations, Management Strategies and Nutrient Thesholds

Assessing the condition of a pond ecosystem isrgp@bout both assessing the
ecological conditions and comparing those cond#titanregulatory thresholds. Regulatory
standards are defined as an interpretation of @ &&dstate, or local law, while ecological gauges
are generally based on comparisons to similar pondignilar settings or to historic information
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about the pond under review. Since regulatorydsteds have the power of law, community
action can be compelled by regulatory entities dllguhe state), while meeting ecological
gauges are usually based on the local value aedmurce. Effective management strategies
address both ecological and regulatory goals.

State Regulatory Standards, Clean Water Act and BamDLs

All freshwater ponds in Massachusetts that aredrinking water supply sources are
classified as “Class B” waters under Massachusettace Water Quality Standards regulations
(314 Code of Massachusetts Regulations 4). Acogrtti these regulations, Class B waters
must have “consistently good aesthetic value” amdehhe following designated uses: “habitat
for fish, other aquatic life, and wildlife, includy for their reproduction, migration, growth and
other critical functions, and for primary and sedary contact recreation” [314 CMR
4.05(3)(b)]. These regulations have been writteimterpret the Massachusetts Clean Water Act
(Massachusetts General Law c. 21, 88 26 througlaa@}he Massachusetts’ role in
implementing the federal Clean Water Act. The Naksisetts Department of Environmental
Protection (DEP) is the regulatory agency respdagdy implementation of both the state and
federal Clean Water Acts.

Massachusetts Surface Water regulations have brég numeric standards: dissolved
oxygen, temperature, and pH. Most of the otheuleggry guidance is qualitative descriptions.
Among the numeric standards, the most importamh facgeneral ecological perspective is
dissolved oxygen. Survival of certain specieshsagtrout, is highly dependent on appropriate
oxygen levels.

However, impairment of oxygen levels is more oéartinal condition for a pond
ecosystem rather than a warning sign that conditese worsening. Addition of excessive
nutrients will usually be measured in raised natrincentrations and diminished clarity
(caused by phytoplankton populations growing onetktea nutrients). Oxygen levels generally
decline only after phytoplankton growth and exocessiutrients have occurred for a number of
years, excessive plant growth has been depositiad ipond sediments, and its breakdown by
sediment bacteria has prompted excessive oxygeartm

According to the state surface water regulatiorssalved oxygen concentrations in
ponds “shall not be less than 6.0 mg/l in cold wésheries and not less than 5.0 mg/l in warm
water fisheries” [314 CMR 4.05(3)(b)1.]. All theimeric regulatory standards have provisions
to allow “natural” readings outside of the spedfranges; for example, pH readings in most
Cape Cod ponds are lower than the state 6.5 lpuaita strong case is available that most ponds
in the southeastern Massachusetts outwash plai@améd Cod, Plymouth, and portions of
Wareham have natural pH readings less than 6.5hiiErcand others, 2003). Dissolved oxygen,
on the other hand, tends to be based on fish salrand has a single concentration threshold.

Any waters failing to meet the numeric standardhestate Surface Water regulations
are defined as “impaired” for the purposes of fal@ean Water Act compliance. All impaired
waters are required by the Act to have a Total Maxn Daily Load (TMDL) established for the
contaminant that is creating the impairment. UrtderClean Water Act, states are required to
create implementation plans to meet TMDLs; DEP gna to date has focused on having
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community-based comprehensive wastewater plangdagbrovisions to meet established
TMDLs.

Other than the limited numeric standards, the atbleted state regulatory compliance
threshold is whether a pond is supporting all destigd uses. The pertinent portion of the
regulations states that: “Unless naturally ocagyrall surface waters shall be free from
nutrients in concentrations that would cause otrdaute to impairment of existing or designated
uses...Human activities that result in the nonpamiree discharge of nutrients to any surface
water may be required to be provided with costatife and reasonable best management
practices for nonpoint source control’ [314 CMR3%)(b)3.]. Given that this is an interpretive
threshold, it is often a pathway to begin to disgosnd ecological conditions and nutrient limits.

None of the Dennis ponds are currently listed agdired” on the comprehensive listing
of state waters that DEP is required to prepareugacte under the Clean Water Act. This list,
officially known as the “Integrated List of Waterglaces waters into five different categories
with Category 5 being the impaired waters that rega TMDL. Only two of Dennis’ ponds are
listed on the current comprehensive list: ScargbRax (MassDEP, 2008). Both of these
ponds are assigned to Category 3, which is fornsdhat are included in the list, but have not
been assessed to determine whether they are irdairet.

Nutrient Limits for Dennis Ponds

In an effort to begin to address the high numbemgiaired waters around the United
States, the federal Environmental Protection AgdR3A) has proposed a procedure to develop
“nutrient criteria” for various water resources;lunding lakes and ponds (EPA, 2000). This
method relies on gathering data throughout an @réacoregion” with similar assemblages of
natural communities and species. That data isulked to determine what are reasonable
nutrient criteria or limits to protect area pondsnfi impairments. At this point, EPA’s method is
used to produce numeric guidelines, not regulastagdards.

All of Cape Cod is within EPA’s Atlantic Coastalriéi Barrens Ecoregion (Griffith and
others, 1999). As a result of the initial Cape ®#d_S water quality snapshot in 2001,
volunteers collected nutrient samples from 195 gorldsing this data, CCC staff applied the
EPA nutrient criteria procedures and determineshineater pond nutrient criteria for total
phosphorus, total nitrogen, and chloropla{Eichner and others, 2003).

The EPA nutrient criteria guidance defines two apphes to determining nutrient
criteria: one based on reviewing results from alted “reference” or relatively pristine ponds
and another based on all available pond data resgardf water quality conditions. The
respective standards based on the surface wat@tesafrom the 2001 Cape Cod dataset are:
chlorophylla, 1.0 and 1.7 ppb; total nitrogen, 0.16 and 0.3h;pgnd total phosphorus, 7.5 and
10 ppb (Eichner and others, 2003).

Town-wide Pond Water Quality

Review of the volunteer data from 11 Dennis pondsitored between 2001 and 2008
indicates that four of the ponds have average Wisdmxygen (DO) concentrations that fail to
attain minimum state regulatory thresholds in astene sampling station: Cedar, Hiram, Run,
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and Scargo. Because of the numeric standard $spldied oxygen in the state regulations, these
four ponds may require TMDLs provided other datehsas bathymetry and nutrient
concentrations are consistent with the DO findingee seven ponds that meet the state
minimum dissolved oxygen standards at all theticsta are: Bakers, Eagle, Flax, Fresh, North
Simmons, and White.

Review of other ecological factors show that althe ponds except for Bakers have
average concentrations at all depth stations ttedezl the Cape Cod ponds 1.7 ppb chlorophyll
a standard. All of the ponds except for BakersxF&cargo, and White have all depth stations
where the average total phosphorus exceeds the@apponds 10 ppb standard. Eagle, Flax,
Scargo, and White are the only ponds where averageentrations at least one station are less
than the Cape Cod ponds 0.31 ppm total nitrogerdata. The fact that the nutrient lists and the
dissolved oxygen lists are not the same reinfotttesieed to review and understand the
individual characteristics of each pond and howvdlases in the watershed influence observed
concentrations. It also reinforces the need teestdnd nutrient concentrations and clarity
readings since these will indicate the initial iroysaof excessive nutrients prior to the terminal
conditions associated with failing to meet the aligsd oxygen regulatory thresholds.

Review of average total nitrogen to total phosphaatios show that all ponds are
phosphorus limited, which means that managemepha$phorus will be a key for determining
water quality in these ponds. It also means thdtictions in phosphorus will have to be part of
any remediation plans.

Detailed Pond Water Quality Assessments

Six ponds were selected by the Town of Dennis forendetailed review by SMAST
staff: Bakers, Cedar, Coles, Eagle, Flax and ®cafdnese reviews allow the limited assessment
of water quality data completed in the town-widewew to be enhanced and brought into a
better context and understanding of how watersheddralake factors influence the water
quality that is measured. These detailed revieskide: 1) the incorporation of watershed
information, 2) development of water budgets tedaine how water moves in an out of each
pond, and 3) development of phosphorus budgetslfounderstand the likely sources of the
nutrient for each individual pond. Developmentleg phosphorus budget includes review of
surrounding land uses, which also allows projeaff $0 develop estimates of both existing and
future sources of phosphorus loads, better undetstay phosphorus travel delays in the
aquifer, and identify where additional informatisimould be gathered before remediation plans
are implemented.

Because phosphorus moves very slowly in Cape Codeagonditions, it can take
decades for some loads, including nearshore solikeeseptic systems, to reach a pond
shoreline and discharge into the pond. Compa$@xisting conditions to projected future
loads in the six ponds show that only a fractiothef steady-state watershed nutrient loads have
reached the ponds; water quality will worsen asawdithe phosphorus already in the aquifer
reaches pond and the systems move closer to sté&ady

The detailed review of the six individual pondswkdhat Scargo and Cedar are impaired
based on the state regulatory limits for dissoloegigen. Given that these regulatory limits are
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used to determine which waters are required to RdWBLs, this analysis suggests that Scargo
and Cedar clearly meet the state regulatory dedmif impaired and should have TMDLs
developed in order to comply with the Clean Watet. AThe other four ponds has average
dissolved oxygen concentrations that exceed stgidatory minimums.

Review of the total phosphorus, chloroplglland Secchi transparency results for the six
selected ponds presents a somewhat more complexuanded assessment of their ecosystem
health. Bakers is clearly not impaired and hagptional clarity and total phosphorus and
chlorophyll a concentrations that are less tharChpe Cod pond guidelines (Eichner and others,
2003). Coles meets the dissolved oxygen standautishe average total phosphorus and
chlorophyll a concentrations are two and eight sirabove their respective guidelines. Eagle
and Flax has average dissolved oxygen concentsatibove state standards, but the average TP
and chlorophyll a concentrations are above guidslend suggesting that continued monitoring
is warranted. Flax also has occasional readingsoxia in bottom waters, which suggests
worsening conditions.

Evaluation of the water and phosphorus budgetthfsix detailed ponds generally were
consistent with the measured water quality conadgioMost of the ponds have very little
development within their watersheds, except for§zand Cedar. Eagle’s watershed
phosphorus budget is almost all (85-88%) from steater, including a portion of a Route 6 rest
area. Coles has one residence adding phosphotius pond, while Baker and Flax have four
and two, respectively. All of the ponds except&3alill see increases in wastewater
phosphorus loading with time; phosphorus from thhes&lences is estimated to still be transit
toward the pond.

A better understanding of sediment regeneratigrhophorus and pond-specific
measurement of stormwater runoff phosphorus lomdscommon need for all of the detailed
ponds. Completion of these activities for the otidat will need TMDLs will allow the town to
more effectively review remediation options ancadie define which sources are most cost-
effective to address.

Conclusions and Recommended Next Steps

It is clear from the collected data that Dennisggshould be evaluated individually and
that the characteristics of each pond, includirgldimd use development in its watershed, have
to be adequately understood before selecting apptepnanagement strategies. The
monitoring results show a continuum of water gy&itosystem conditions with probably one of
the region’s most pristine ponds (Bakers) and taods that fail to meet water quality
minimums required in state regulations and willuieg) TMDLs (Cedar and Scargo).

The ponds that fail to meet state water qualityddads generally do not have conditions
that will affect their use for recreational purpesxcept perhaps for fishing. In order to address
the impairments, these ponds will require the dgwalent of TMDLs and remediation plans to
meet the TMDLs. MassDEP current guidance is tihiDTs must be addressed through
Comprehensive Wastewater Planning activities. #aluil data collection for sediment and
stormwater runoff contributions are recommendedrgao finalizing TMDLs and development
remediation plans and associated costs.
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Addressing the water quality impairments will likeequire a number of years given the
likely costs. For this reason, it is recommended the town complete more detailed reviews
comparable to those contained in this report ferfivie other ponds with extensive datasets.
Completion of these reviews will allow the townltegin to frame the full extent of all water
guality issues that need to be addressed.

Similarly, it is recommended that the town subiiné enclosed results from the detailed
reviews of the six ponds to the state Departmefnvironmental Protection for consideration
and listing on the 2010 Integrated List. The gnéged List is revised by DEP every two years to
satisfy federal requirements under Sections 308d3@5b of the Clean Water Act. Waters
designated as impaired and added to this listeayeired to have TMDLs. The state’s response
to this submittal will provide the town with guidaabout how to approach management and
remediation of these ponds, as well as guidand®ansimilar conditions in Dennis’s other
ponds will be regarded by the DEP.

It is also recommended that the town consider ggnthe process to develop the
additional information identified as needed throtige detailed review of the six selected ponds.
This information included collection and characation of sediment cores to detail existing and
future potential phosphorus regeneration and measamt of stormwater flows and phosphorus
loads for the two impaired ponds (Cedar and Scartjo$ also recommended that once this
information is developed that the assessment snrédport be updated and phosphorus reductions
recommendations should be developed.

Finally, it is recommended that the town considertimuing the citizen monitoring
program for the ponds. The relatively extensiviasket for the 11 ponds discussed in this report
means that they do not need to be monitored fratyydmt it is recommended that they be
sampled at least twice a year: once in April talgissh pre-summer water quality conditions for
that year and once in August/September to evalubée are likely to be the worst water quality
conditions of the year. It is further recommentieat PALS Snapshot sampling protocols
continue to be used for both sampling rounds t@aeoé comparison to past data and that the
town consider whether any of the 46 other pondswn should also be monitored.

Continuation of this citizen monitoring effort walllow the town to track any changes
and identify any significant problems before thegdime more serious in the four ponds without
TMDL recommendations. It will also allow the towmprioritize water quality and wastewater
management efforts from a position of knowledgent@uation of monitoring will also allow
the town to lay the groundwork to minimize any f@dMDL compliance monitoring.

This report contains ballpark cost estimates fbofalhe recommended activities, which
are summarized below. SMAST staff are availablassist the town in the development of
detailed tasks and associated costs to addressrdmsmmendations. Cost savings may be
realized by utilizing volunteers and town staff wdeer possible, as well as bundling tasks to
minimize mobilization and reporting costs.
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Table EX-1. Summary of Recommended Activities foDennis Ponds

All recommended activities are discussed in grede¢ail in the report. Estimated costs are
based on SMAST personnel costs for current fiseat.y Lower total costs for each activity ca
be achieved by bundling activities together andetiment of more refined task activity lists
Selected tasks will require further discussion whi# town to select among a variety of
approaches; these are designated TBD (To Be Deatedni SMAST staff are available to ass
the town in developing such lists and refined costs

AN

ist

Recommended Tasks Section Pzge Estimated Cost
5 of 6 ponds selected for detailed revieldevelop

1 | bathymetric information (only Scargo has V.1 26 TBD
bathymetry)

2 | All ponds Develop bathymetric information for

— V.1. 26 TBD
remaining town ponds (only two ponds have maps)

3 | All ponds Characterize stormwater systems near
ponds and, if the ponc_l is impaired, sample V35 | 36 TBD
stormwater to ascertain actual phosphorus
contribution from runoff.

4 | Baker Pondcollection of field data and water $200 + volunteer
quality samples twice a year: April and Aug/Sept. Vi1 38 time ($400 without
Review data at 5 yr intervals unless significant o PALS Snapshot)
change in the pond. Review cost: TBD

5 | Cedar Pond:

a) road runoff and bird loads should be evaluated
with targeted data collection

b) collect and incubate sediment cores

c) measure stormwater flows and phosphorus Ioaok;i 2
seven runoff locations noted o

d) update assessment in this report with the Pond-
specific information and develop a remedial plan

$15,000 to $16,000

TMDL/mgmt plan:
49 | $10,000 to $12,000

plant survey:

e) consider rooted plant survey, including mapping, $7,000 to $9,000
transects and species identification
6 | Coles Pond:collection of field data and water $200 + volunteer
quality samples twice a year: April and Aug/Sept. V1.3 57 time ($400 without
Review data at 5 yr intervals unless significant T PALS Snapshot)
change in the pond. Review cost: TBD
7 | Eagle Pond:ccollection of field data and water $200 + volunteer
quality samples twice a year: April and Aug/Sept. V1.4 65 time ($400 without
Review data at 5 yr intervals unless significant o PALS Snapshot)
change in the pond. Review cost: TBD
8 | Flax Pondcollection of field data and water quality $200 + volunteer
samples twice a year: April and Aug/Sept. Reviev\m 5 73 time ($400 without
data at 5 yr intervals unless significant change ir o PALS Snapshot)
the pond. Review cost: TBD
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Table EX-1. Summary of Recommended Activities foDennis Ponds (cont'd)

Recommended Tasks Section Pzge Estimated Cost
9 | Scargo Lake:
a) road runoff and bird loads should be evaluated
with targeted data collection $25,000 to $27,000
b) collect and incubate sediment cores V16 81
c) measure stormwater flows and phosphorus logads; ™ TMDL/mgmt plan:
four runoff locations noted $10,000 to $12,00(
d) update assessment in this report with the Pond-
specific information and develop a remedial plan

10 | Pond Monitoring/Town-wide:

Continue monitoring all ponds; reduce frequency to $2,400 + volunteer
twice a year: once in April to establish pre-summe time ($4,800 without
water quality conditions for that year and once in PALS Snapshot)
August/September to evaluate what are likely to|b€lll.1 | 84 (includes above
the worst water quality conditions of the yearislt costs for Baker,
further recommended that PALS Snapshot Coles, Eagle and
sampling protocols continue to be used for both Flax)
sampling rounds.

11 | Detailed Review of Other Ponds: TBD
Consider similar detailed reviews for the otheefi (depends on
ponds that have citizen collected water qualityadat volunteer assistance
Fresh, Hiram, North Simmons, Run, and White. availability of CCC
Completing these reviews will allow the town to GIS assistance, and
address town-wide water quality concernsina | VII.2 | 85 gathering of other
more comprehensive fashion, especially if these data, such as
reviews are completed prior to the completion of bathymetry; rough
the Needs Assessment phase of the town-wide planning amount of
Comprehensive Wastewater Assessment. $3,000 to $5,000 per

pond)

12 | Determine Regulatory Status for Six Detailed
Pond:

Consider filing Scargo and Cedar as impaired
during the 2010 round of the state’s integrated lis
preparation (to satisfy federal requirements undervm.3 g5 No cost

Sections 303d and 305b of the Clean Water Act
The state’s response will provide the town with

guidance about how to approach remediation of
these ponds, as well as guidance on how similaj

conditions will be regarded in Dennis’ other ponds.
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l. Introduction

The Town of Dennis has 57 ponds that collectivelgupy 275 acres (Eichner and others,
2003). Of these ponds, 30 of them are greaterdharacre and six of them are greater than ten
acres. Over the course of the last ten years| tmeecerns about the water quality of Dennis’s
ponds have often become focused by algal bloosis kills, and concerns related to the impacts
from population growth.

These concerns reflect similar pond concerns tieabeing raised Cape-wide. In 2000, a
number of community partners, including the Capd Commission (CCC), the Community
Foundation of Cape Cod, the state Executive Offifidenvironmental Affairs, and the University
of Massachusetts Dartmouth School for Marine S@eard Technology (SMAST), developed
the Pond and Lake Stewards (PALS) program to lespand to these concerns. Initial PALS
activities included the production of the Cape ®mhd and Lake Atlas (Eichner and others,
2003), a number of “Ponds in Peril” workshops whasad concerns and potential solutions
could be shared and discussed among all towns@ndteers, and participation of volunteers in
the National Secchi Dip-In using Secchi disks pded by the CCC to measure transparency in
their ponds. Volunteers who participated in thp-Ii wanted to know more about the water
quality in their ponds and, with SMAST’s offer aéé laboratory analysis of water samples, the
CCC, SMAST, and the towns created the first PAL§@EShot of pond water quality sampling in
2001.

Select towns, including Dennis, took the oppotiasipresented by the annual PALS
Snapshots, which have continued from 2001 thro@§l82to create larger, more intensive
volunteer pond monitoring programs. Dennis’s manmig program has included getting
funding for laboratory analysis of water samplesining of volunteers, sampling throughout
select summers, and coordination through town.stHfie Dennis program uses the PALS
sampling protocol as guidance and has includeddhection of samples from 11 of the town’s
ponds (Figure I-1). Over the years, results frosmgampling program have been presented at a
number of Ponds in Peril workshops and meetingsobus town boards.

In 2005, Barnstable County asked the towns for @safs to use county services to help
address impacts from growth. A number of townsluiding Dennis, requested CCC assistance
to provide interpretation of volunteer-collectechdaovater quality data. The project scope
developed by Dennis and CCC staff for this effioctuded an overall review and interpretation
of all volunteer-collected pond water quality data,well as detailed reviews, including water
and phosphorus budgets, of six ponds selectedebydtvn. Staff from the Coastal Systems
Program at the University of Massachusetts Dartm&ahool of Marine Science and
Technology (SMAST) are now working with the CCCctamplete this project.

With the assistance of a number of core town velers, all of the volunteer data was
compiled, organized, and reviewed by SMAST and @@ter resources staff. A preliminary
summary of this review was presented to the towteW@uality Advisory Committee in May
2006. Following consultation with town staff, tGemmittee voted to select the following ponds
for detailed review: Bakers, Cedar, Coles, Edglax, and Scargo (see Figure I-1). The
information presented below details the overalleevof the volunteer monitoring data,
followed by the detailed review of the selectedgmn
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Figure I-1. Ponds regularly sampled by Dennis ntdars
The 11 ponds with name labels have been regulampted by Dennis volunteers and their
water quality information is reviewed in this repoirhe Town of Dennis has a total of 57 ponds

(Eichner and others, 2003).




Il. Pond Data Sources

During the initial 2001 PALS Snapshot, Dennis voaans collected data from 11 ponds.
Field data was collected along with water qual@gngles that were analyzed by the Coastal
Systems Program Laboratory, School for Marine S&end Technology (SMAST), University
of Massachusetts Dartmouth. All subsequent PAL&SImot samples have also been analyzed
at the SMAST lab. Pond samples collected througtitmisummer in 2006 and prior years have
been analyzed at the North Atlantic Coastal Lalwoyadit Cape Cod National Seashore (CCNS);
samples collected in 2007 and 2008 were analyzdteeMAST lab.

PALS Snapshots were completed every year betwe@h &0d 2008 and all data is
included in the following analysis. The PALS Srapscollection window is between August
15 and the end of September and is designed tareaghie worst water quality conditions. The
PALS Snapshots are supported by free laboratorysemfrom the SMAST Coastal Systems
Analytical Facility Laboratory and are coordinatadconjunction with the Cape Cod
Commission. The PALS pond water sampling protaedis for a shallow (0.5 m) sample and
then generally a deep sample 1 m off the bottonalfqggonds of 9 m total depth or less; ponds
less than 1.5 m should have two samples from tifacicollected. Ponds that are deeper than 5
m will have a third sample collected at 3ine( 0.5 m, 3 m, and one meter off the bottom) and
ponds greater than 10 m will have a fourth samgplected at 9 mi., 0.5m, 3 m, 9 m, and
one meter off the bottom). Samples are collecsedl®le water, stored at@, and transferred
to the SMAST lab within 24 hours. Field samplinggedures under the PALS Snapshot
protocol include water column profile measuremeaftdissolved oxygen and temperature, and
Secchi disk transparency.

Table 1I-1 shows the frequency of field data cdil@t in Dennis ponds between 2001
and 2008. The monthly counts in Table II-3 areeblasn the collection of temperature and
dissolved oxygen profiles. Collection of water lijfyasamples for later laboratory analysis
occurred in approximately half of field data cotiea dates. All data collected during this time
was used for the initial overview of all the portdat is discussed in Section Ill. Any historic
data collected prior to this period is includedhe analyses of the ponds selected for more detail
review as discussed in Section V.

Water quality samples collected between 2001 &8 2vere sent to either the SMAST
or CCNS lab. The SMAST lab analysis and samplellvam procedures are described in the
SMAST Coastal Systems Analytical Facility LaborgtQuality Assurance Plan (2003), which
is approved by the Massachusetts Department ofr&mwviental Protection. These procedures,
which are used for all PALS Snapshot samples, decthe following parameters: total nitrogen,
total phosphorus, chlorophydl-pH, and alkalinity. Detection limits for SMAS&boratory
analytes and field data collection are listed ibl€dl-2. PALS Snapshot results from 2001 to
2008 and all sample results after 2003 were praviethe SMAST lab.

In addition to the PALS Snapshots, the Dennis valers also benefited from laboratory
services provided by CCNS lab. The CCNS lab resatiilude analysis for the following
parameters: total nitrogen, total phosphorus,roployll-a, nitrate-nitrogen, ammonia-nitrogen,
and ortho-phosphate. Laboratory services thronglCICNS were grant funded. Two to three
samples in 2002 and monthly sampling during 2008wweovided by the CCNS lab.



Table II-1. Field data collection frequency forridés Ponds (2001-2008)

Note: All monitoring dates based on field collectiof dissolved oxygen and temperature data. Nuwiiggonds sampled each
month is shown at the bottom of each column. TBIEM” for each year shows the number of samplinghes/éor the listed pond
during that year, while the “Overall Sum” shows tb&l number of sampling runs between 2001 an® 230pond. About half of
the sampling runs led to the collection of watengkes for laboratory analyses. Laboratory analygs® completed by either the
Coastal Systems Program Laboratory, School of M&gicience and Technology (SMAST), University of Bashusetts Dartmouth
or the North Atlantic Coastal Laboratory at Capel Glational Seashore (CCNS); PALS Snapshots wouldrgdly represent one or

two sampling runs in August and/or September oh g&ar.

2001, 2002 2003 2004 2005
POND Sep JJul| Aug| Sep| Oct| Nov| SUMMay| Jun| Jul| Aug| Sep| Oct| Nov] SUMIMay| Jun| Jul| Aug| Sep| Oct] SUMMay| Jun Jul Aug| Sep | Oct] sum
1 1 1 1 3 1 111] 1 11111 7 1 111] 1 111 6 1 1 1 1 111 6
1 1 1 1 3 1 1]11] 1 1 1 1 7 1 1]11] 1 1 1 6 1 1 1 1 1 1 6
1 1 1 2 1 1]11] 1 1 1 1 7 1 1]11] 1 1 1 6 1 1 1 1 1 1 6
1 1 11111 4 1 111] 1 1] 1 6 1 111] 1 111 6 1 1 1 1 2 |1 7
1 0 1 111] 1 11111 7 1 111] 1 111 6 1 1 1 1 111 6
1 1 1 2 1 111] 1 11111 7 1 111] 1 111 6 1 1 1 1 111 6
1 1 1 1 3 1 111] 2 1 1 1 8 1 1]11] 1 1 1 6 1 1 1 1 1 1 6
1 1 1 1 1 4 1 1]11] 1 1 1 1 7 1 1]11] 1 1 1 6 1 1 1 1 1 1 6
1 1] 1 2 1 111] 1 11111 7 1 111] 1 111 6 1 1 1 1 111 6
1 1 1 1 111] 1 11111 7 1 111] 1 111 6 1 1 1 1 111 6
1 1 1 2 1 1]11] 1 1 1 1 7 1 1]11] 1 1 1 6 1 1 1 1 1 1 6
# of ponds
SUM = # of sampling 11 § 41| 4 7 3] 8 26 f11|11f11)11|10f11| 12y 77 11|11 )11 112|112 j11g66 11| 12 11 11| 11| 11§ 67
runs
2006 2007
POND Jun [ Jul| Aug| Sep| Oct| Nov] SUMJ Apr May|Jun| Jul | Aug|Sep| Octf SUMJ Apr May|Jun| Jul | Aug|Sep| Oct | Nov| SUMJ2001-2008
1 111 111 5 1 111] 1 11111 7 1 111] 1 111 1 7 42
1] 1 1 1 4 1 1]11] 1 1 1 1 7 1 1]11] 1 1 1 1 7 41
1 1] 1 1 1 5 1 1]11] 1 1 1 1 7 1 1]11] 1 1 1 1 7 41
1 1 1 1 4 2111 1 1 1 1 7 1 1]11] 1 1 1 1 7 42
1 1( 1 111 5 1 111] 1 11111 7 112] 1 2 1 7 39
1 1( 1 1 1 5 1 111] 1 11111 7 1 111] 1 111 1 7 41
1] 1 1 1 4 1 1]11] 1 1 1 1 7 1 1]11] 1 1 1 1 7 42
1 1] 1 1 1 5 1 1]11] 1 1 1 1 7 112] 1 2 1 7 43
1 1] 1 1 1 5 1 1]11] 1 1 1 1 7 112] 1 2 1 7 41
1 1 111 4 1 111] 1 11111 7 111] 1 111 1 6 38
1 1] 1 1 1 5 1 1]11] 1 1 1 1 7 1 1]11] 1 1 1 1 7 41
# of ponds
SUM = # of sampling 9 |11l 9| 11| 8| 3511011111212 )12 11g 777 fj11|212)11| 8 11| 9 2176 451
runs




Table 1I-2. Field and laboratory reporting uniteladetection limits for data
collected for the Dennis Ponds under the PALS Smatps

Parameter Matrix | Reporting | Detection Measurement
) = Accuracy (+\-)
Units Limit Range
Field Measurements
Temperature Water °C 0.5°C +0.3°C -5t0 45
Dissolved + 0.3 mg/l or + 2% of
Water mg/I 0.5 reading, whichever is 0-20
Oxygen
greater
Secchi Disk .
Water Clarity Water meters NA 20 cm Disappearance

Laboratory Measurements —

School of Marine Science and Technology, UniversitiyMassachusetts Dartmouth

Alkalinity Water ggggj 0.5 80-120% Std. Value NA

Chlorophylla Water pg/l 0.05 80-120% Std. Value 0-145

Nitrogen, Total Water UM 0.05 80-120% Std. Value NA
Standard

pH Water Uniits NA 80-120% Std. Value 0-14

.'?Qt‘f,jphorus' Water | HM 0.1 80-120% Std. Value NA

Note: All laboratory measurement information fr@MAST Coastal Systems Analytical Facility Laborgtor

Quality Assurance Plan (January, 2003)

Regardless of the lab used, sampling depths altbidaa collection procedures generally
followed PALS protocols so all data could be coneplarLaboratory methods used at the CCNS
lab are listed in Table II-3.

lll. Town-wide Water Quality Data
In order to complete the town-wide data review, S3TAand CCC staff organized
available monitoring data by pond and sampling lde@&@ince all sampling is based on the PALS
sampling protocol, sampling runs, regardless olisdd, generally are sampled at the same
depth. Thus, a pond like White Pond that is appnately 7 m deep would have two sampling
stations/depths: a shallow sampling station an®&nd a deep sampling station that is one
meter off the bottom. The deepest station samplehs vary due to slight changes in the
sampling location and fluctuations in the pond’'savdevel, but shallower stations are generally
at depths specified by the PALS protocol.

The following analysis of the data focuses on ayem@oncentrations between June

through September. Data outside of this periogshiel understanding how the ecosystems are
set prior to the primary period of ecosystem attior how they reset following this period, but
the summer season is the most ecological signifitae period. It is also the period when most
pond users would be likely to notice water qualtyile they spend recreational time in, on, or
around the ponds.



Table 11-3. Laboratory methods and detection knpibnd water samples analyzed
by the Cape Cod National Seashore lab.

Parameter Unit | Range MDL Method Matrix Ref
Lachat QC FIA+ 8000 Method #10-107-06-1-C | o Vf%tir)sss )
Dissolved Ammonium | pg/L| 4 to 400 4 (Diamond, D., & Switala, K., 9 October 2000 nry= PP A
. (field filtered and
Revision) s
acidified
waters
Dissolved Lachat QC FIA+ 8000 Method #31-115-01-1-G | (Salinity=0 to 35 ppt)
Orthophosphate Mg/L] 06210 3101 0.62 (Diamond, D., 30 December 1998 Revision) (field filtered and B
acidified
waters
Dissolved Lachat QC FIA+ 8000 Method #31-107-04-1-C | (Salinity=0 to 35 ppt)
Nitrate/Nitrite Mg/L| 1.68 10 700) 1.68 (Diamond, D., 27 June 2000 Revision) (field filtered and c
acidified
total phosphorus- Ll 110200 1 Lachat QC FIA+ 8000 Method #10-115-01-1-F waters D
persulfate digestions Mg (Diamond, D., 14 October 1994 Revision) (Salinity=0 to 35 ppt)
TP/TN-persulfate digestions (simultaneous
waters
Total phosphorus pg/L] 0.62 to 310] 0.62 | Lachat QC FIA+ 8000 Method #31-115-01-1-G (Salinity=0 to 35 ppt) E
Total nitrogen pg/L] 1.68 to 700| 1.68 | Lachat QC FIA+ 8000 Method #31-107-04-1-C
Particulate n CarloErba CHNS Elemental Analyzer (Beach, waters F
Carbon/Nitrogen H9 R., MERL Manual, 1986)
Chlorophyll-a & 90% Acetone Extraction (Godfrey, P., et al.
Pheopigments Ho/L 1999) waters G

References

A. US EPA, Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, Revised March 1983, Method 350.1

B. Murphy, J. and J.P. Riley. 1962. A Modified Single Solution Method for the Determination of Phosphate in Natural Waters.
Anal. Chim. Acta., 27: 31-36.

C. Zimmerman, C.F. et al., EPA Method 353.4, Determination of Nitrate+Nitrite in estuarine and Coastal Waters by Automated
Colorimetric Analysis in An Interim Manual of Methods for the Determination of Nutrients in Estuarine and Coastal Waters.,
Revision 1.1, June 1991.

D. US EPA, Methods for Chemical Analysis of Water and Wastes, EPA-600/4-79-020, Revised March 1983, Method 365.1

E. Valderrama. 1981. The Simultaneous Analysis of Total Nitrogen and Total Phosphorus in Natural Waters. Marine
Chemistry, 10:109-122.

F. Beach. 1986. Total Carbon and Nitrogen in Filtered Particulate Matter. Manual of Biological and Geochemical Techniques
in Coastal Areas, MERL Series, Report No. 1, University of Rhode Island, Kingston, R.I.

G. Godfrey, P.J. and P. Kerr. 1999. A new method of preserving Chlorophyll on Glass Fiber Filters for use by Professional
Lake Managers and Volunteer Monitors. Submitted to Lake and Reserv. Manage. UMASS-Amherst, Massachusetts Water
Resources Research Center/

Note: Information provided by Krista Lee, CCNSrgmal communication, 2002). MDL =
method detection limit.



lll.1. Field Collected Water Quality Data
l11.1.1 Dissolved Oxygen and Temperature

Pond and lake ecosystems are controlled by iniereecamong the physical, chemical,
and biological factors within a given lake. Theability of oxygen determines distributions of
various species living within a lake; some speotegiire higher concentrations, while others are
more tolerant of occasional low oxygen concentratioOxygen concentrations also determine
the solubility of many inorganic elements; highencentrations of phosphorus, nitrogen, and
iron, among other constituents, can occur in trepdeportions of ponds when anoxic conditions
convert bound, solid forms in the sediments infalge forms that are then released into the
water column. Temperature is inversely relatedissolved oxygen concentration®( higher
temperature water holds less dissolved oxygen).

Oxygen concentrations are also related to the atrafunological activity in a pond.
Since one of the main byproducts of photosynthesisygen, a vigorous algal population can
produce DO concentrations that are greater thandheentrations that would be expected based
simply on temperature interactions alone. Thestirces of “supersaturation” usually occur in
lakes with high nutrient concentrations, sincedlyal population would need readily available
nutrients in order to produce these conditionsnwecsely, as the algal populations die, they fall
to the sediments where bacterial populations coesaxggen as they degrade the dead algae.
Too much algal growth can thus lead to anoxic ootk and the release of recycled nutrients
back into the pond from the sediments potentigfding to more algal growth.

Shallow Cape Cod ponds, which are generally ddfasless than 9 meters (29.5 ft)
deep, tend to have well mixed water columns becardieary winds blowing across the Cape
have sufficient energy to circulate water withipand and move deeper waters up to the surface.
In these ponds, both temperature and dissolvedamxyeadings tend to be relatively constant
from surface to bottom.

In deeper Cape Cod ponds, mixing of the water coltends to occur throughout the
winter, but rising temperatures in the spring hgader waters more rapidly than winds can mix
the heat throughout the water column. This leadgratification of the water column with
warmer, upper waters continuing to be mixed andmwearthroughout the summer and the
isolation of cooler, deeper waters. The upperrlég/ealled the epilimnion, while the lower layer
is called the hypolimnion; the transitional zonénmen them is called the metalimnion. Among
Dennis’s ponds, only Scargo is deep enough to tieese layers.

Once the lower layer in a stratified pond is cutfaim the atmosphere by the
epilimnion, there is no mechanism to replenish @ygonsumed by sediment bacterial
populations. These populations respire (consunygaexand produce carbon dioxide) as they
consume organic matteg.(j, algae/phytoplankton, fish) that has sunk to thigédon. If there is
extensive organic matter falling to the sedimeasspne would expect with lakes with higher
amounts of nutrients, the bacterial respiration @@amsume all of the oxygen before the lake
mixes throughout the water column again in the f8ltargo has low oxygen or anoxic
conditions in its deepest layer.



State surface water regulations (314 CMR 4) havearic standards for dissolved
oxygen and temperature, as well as pH. Under tteggdations, ponds that are not drinking
water supplies are required to have a dissolved@xygoncentration of not less than 6.0 mg/l (or
ppm) in cold water fisherieg g, Scargo) and not less than 5.0 mg/l (or ppm) imwaater
fisheries €.g, White). These regulations also require that &maipre not exceed #8(20C) in
cold-water fisheries or 88 (28.3C) in warm water fisheries.

Any waters failing to meet the numeric standardhestate surface water regulations
are defined as “impaired” for the purposes of fatl®ean Water Act compliance and all
impaired waters are required by the Act to havet@Maximum Daily Load (TMDL)
established for the contaminant that is creatiegitipairment. TMDLs usually are expressed as
a concentration limit or threshold. Under the Gl¥dater Act, states are required to create
implementation plans to meet TMDLSs; MassachuseB® Quidance to date has focused on
having community-based comprehensive wastewateagament plans include provisions to
ensure that waters meet TMDLSs.

The occurrence of dissolved oxygen concentratiess than the Massachusetts surface
water regulatory thresholds can have profound ingpawe fish and other animals in a pond
ecosystem if they occur even once. Studies offftgbulations have shown decreased diversity,
totals, fecundity, and survival at low dissolved/gen concentration®g(g, Killgore and Hoover,
2001; Fontenot and others, 2001, Thurston and tté81; Elliot, 2000). Dissolved oxygen
concentrations of less than 1 ppm are generalileéven on a temporary basis, for most
species (Wetzel, 1983; Matthews and Berg, 1997).

Dissolved oxygen and temperature concentrationtharenost extensive dataset
collected by volunteers for the Dennis ponds.hmearly years of the Dennis samplings,
volunteers generally collected readings starting atm and then each meter (0.5, 1.5, 2.5, etc.)
Starting in 2006 readings were generally colledtdldwing the PALS protocol with an initial
reading at a depth of 0.5 meter and then 1 m inenésrbelow thate(.g, 0.5 m, 1 m, 2 m, etc.).
For the town-wide overview, staff reviewed the camell data of all dissolved oxygen
concentrations. For the ponds selected for mdieec review, dissolved oxygen concentrations
are brought into greater context by considering ttedations to other monitoring data (see
Section V).

Among the 11 ponds in Dennis with volunteer datacted for the town-wide overview,
there are 119 station depths. There are colldgtoreer 1,300 dissolved oxygen concentration
reading measured at these stations between 20020880 The number of readings per station
depth varies between 3 and 26. Based on an irgvaw, only Scargo would be classified as
definitive cold water fisheries, while Flax and &tin have average summer temperatures that
could meet the state regulatory definitions fodoohter fisheries. The rest of the ponds would
be considered warm water fisheries.

Among the eleven ponds, four have a depth staianhas an average dissolved oxygen
concentration less than the state regulatory standaedar, Hiram, Run, and Scargo. All of
these are the deepest stations in these pondseoege 54% of the stations in each of these
ponds fail to meet state minimum dissolved oxygamcentration. In addition to these, Flax,

8



North Simmons, and White also have at least orimstaith a dissolved oxygen concentration
reading less than 1 ppm. Overall, 26 of the 1J8ldstations (22%) have average
concentrations less that the state dissolved oxygguiatory standard (Figure 111-1).

[11.1.2 Secchi Depth

A Secchi disc is an eight-inch disk with black avitite quadrants that is slowly lowered
into a pond to record how deep it can be seenpgtsh is often referred to a “Secchi reading”
and is sometimes referred to as water transpam@ncharity. Because plankton or inorganic
particle concentrations reduce clarity, Secchi iregglare related to the amount of nutrients and
are a good general measure of ecosystem condienchi readings have been linked through a
variety of analyses to trophic status or nutrienels of lakesd.g, Carlson, 1977). Although
there is no state regulatory standard for Secghiihdetate regulations do have a clarity limit of 4
feet for safe swimming conditions (105 CMR 435).

Care should be taken when interpreting Secchi ngadn shallow ponds, such as the
majority of pond on the Cape, because the disk lneayisible on the bottom in such ponds even
if they have significant algal densities. Thisuisss addressed by determining relative Secchi
readings. Relative Secchi readings compare thehSdepth to total depth and allow clarity to
be compared in ponds of different depths.

In Dennis, Secchi readings were generally collebiedolunteers each time dissolved
oxygen and temperature readings were collecte@ nlimber of Secchi readings in Dennis
ponds ranged between 23 (Scargo) and 29 (North 8majmn the 2001 to 2008 dataset. As
shown in Figure 1lI-2, all the ponds except for $freand Hiram have average Secchi readings
that meet the state safe swimming clarity limiddeet. Based on the available dataset, Fresh is
9.2 feet (2.8 m) deep and Hiram is 18.9 feet (5)deep. Three additional ponds (Cedar, Coles,
and Run) have at least one reading less than 4 Téwtse reading should be considered in use of
these ponds for swimming activities.

Average relative readings varied between 8% (Hirantd) 97% (Bakers). In Hiram, this
reading means that although it is 18.9 ft (5.7 9@ on average its water is only clear enough
to see a Secchi disc at 1.4 ft (0.4 m) below thiasa. On the other extreme, on average, 14.5 ft
(4.4 m) of Bakers’ 15.4 ft (4.7 m) total depth Isar enough to see a Secchi disc from the
surface.
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| Figurelll-1a. Average DO Concentrations in Dennis Ponds 2001-ZB@Kers to Eagle)
Source dissolved oxygen data is field measurenuatiescted by Dennis volunteers. Depth stationsradeated with the pond names
and the depths in meters at which readings weteated €.g, “Cedar0.5” is Cedar Pond readings collected@ant). Error bars
show one standard deviation; all averages arecateddor outliers£ >two standard deviations). The number at the basach bar
show the number of readings collected. The Masssaatts regulatory dissolved oxygen threshold famwaater fisheries is 5
milligrams per liter of dissolved oxygen (314 CMR 4dll ponds in this figure generally have tempgaras$ that would classify them as
warm water fisheries. Depth stations with averdigeolved oxygen concentrations less than the gtegshold are colored red.
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Figure IlI-1b. Average DO Concentrations in Denagnds 2001-2007 (Flax to North Simmons)

Source dissolved oxygen data is field measurenuatiescted by Dennis volunteers. Depth stationgradieated with the pond names
and the depths in meters at which readings weteatet €.g, “Flax0.5” is Flax Pond readings collected at®p Error bars show
one standard deviation; all averages are corrdotenlitliers ¢ >two standard deviations). The number at the basach bar show
the number of readings collected. The Massachussjulatory dissolved oxygen threshold for warntewésheries is 5 milligrams
per liter of dissolved oxygen and 6 mg/l for coldter fisheries (314 CMR 4); Flax and Fresh haveamedeep temperatures that
may classify them as cold water fisheries, butdéygths of all ponds would generally classify thenwarm water fisheries. Depth
stations with average dissolved oxygen concentratiess than the state threshold are colored reitk stations with average
concentration exceeding the threshold, but witleadt one reading less than 1 pmrg( anoxic) are colored yellow.
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Figure llI-1c. Average DO Concentrations in Dernid@ds 2001-2007 (Run to White)

Source dissolved oxygen data is field measurenuatiescted by Dennis volunteers. Depth stationsradeated with the pond names
and the depths in meters at which readings weteated €.g, “Run0.5” is Run Pond readings collected at 0.5 BEyor bars show
maximum and minimum readings; all averages areected for outliersf >two standard deviations). The number at the basach
bar show the number of readings collected. Thesklasusetts regulatory dissolved oxygen threshold/&mm water fisheries is 5
milligrams per liter of dissolved oxygen and 6 nfgfl cold water fisheries (314 CMR 4); Scargo tsaglitional cold water fishery
pond, Run and Whites have maximum depths that wgemerally classify them as warm water fisheriegpth stations with average
dissolved oxygen concentrations less than the #tegghold are colored red, while stations withrage concentration exceeding the
threshold, but with at least one reading less thppm €.g, anoxic) are colored yellow.
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Figure IlI-2. Average Secchi Transparency Reading3ennis Ponds 2001-2008

Source data is field measurements collected by Bemtunteers using a standard Secchi disk. Eraos bhow maximum and
minimum depths; all averages are corrected foierstk >two standard deviations). Number of readinggedmetween 23 and 29.
Ponds with red bars have average Secchi deptharthégss than the state safe swimming clarityt lohfour feet (105 CMR 435),
while ponds with yellow bars have a minimum recdrdeading less than the four foot limit. RelatB&cchi depth can be observed
by comparing the average Secchi readings to thédepths.
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[1l.2 Laboratory Water Quality Data

As mentioned above, water samples were collectéteiponds at depths generally
specified by the PALS Snapshot protocol. The PA&In&pshot protocol specifies a 0.5 m
sampling depth in all ponds and a deep samplinthddpm off the bottom) for any pond greater
than 2 m deep. Additional sampling depths of 3neh @ m are added as the depth of the pond
increases. This protocol anticipates that theogilshbe some variability in the sampling depth,
especially the deepest station, because of fluonstn the water table/surface of the pond.

Water samples were generally analyzed at the Sdiddarine Science and Technology
(SMAST) Coastal Systems Analytical Facility Laborgt University of Massachusetts
Dartmouth or at the North Atlantic Coastal Laborgtat Cape Cod National Seashore. Data
reviewed below is based on 2001 through 2008 diatia; from pre-2001 samples, which are
discussed for the ponds selected for detailed wewised a variety of sampling protocols and
labs. Review of water quality laboratory resutisused on the following constituents: pH, total
nitrogen (TN), total phosphorus (TP), alkalinitpdachlorophylla.

[11.2.1 Total Phosphorus (TP)

Phosphorus is the key nutrient in ponds and lakeause it is usually more limited in
freshwater systems than nitrogen, which is alsoiatdor growth. Typical plant organic matter
contains phosphorous, nitrogen, and carbon ini@o&tl P: 7 N: 40 C per 500 wet weight
(Wetzel, 1983). Therefore, if the other constitseare present in excess, phosphorus, as the
limiting nutrient, can theoretically produce 50@é&s its weight in algae or phytoplankton.
Because it is more limited in freshwater syster®8p @r more of the phosphorus is bound in
organic forms (plant and animal tissue or theirteés)sand any available inorganic phosphorus
[mostly orthophosphate (R®)] is quickly reused by the biota in a lake (WetZ&£183).

Extensive research has been directed towards ttgidgtermine the most important phosphorus
pool for determining the overall productivity oklaecosystems, but to date, most of the work
has found that a measure of total phosphorus @i best predictor of productivity of lake
ecosystemse(g, Vollenweider, 1968). The laboratory analysisteques for TP provide a
measure of all phosphorus in a water sample, imojudrtho-phosphorus and all phosphorus
incorporated into organic matter, including alg&H.course, water samples do not account for
phosphorus bound in rooted aquatic plants, buttémds to be a very small component of pond
plant communities in Cape Cod lakes; Cape pond plammunities tend to be algal-dominated.

Most Cape Cod lakes have relatively low phosphoameentrations due to the lack of
phosphorus in the surrounding glacially-deriveddsamost of the phosphorus in Cape Cod
ponds is due to additions from the watershed agemeration of past watershed additions from
the pond sediments. Since phosphorus moves vamysin sandy aquifers (0.01-0.02 ft/d;
Robertson, 2008), most of the sources of phosphartesing Cape Cod ponds is from properties
abutting the pond shoreline. Previous analysphaisphorus loading to Cape Cod ponds have
focused on properties within 250 to 300 ft of thergline €.g, Eichner and others, 2006;
Eichner, 2007; Eichner, 2008).

The median surface concentration of TP in 175 @&k ponds sampled during the 2001
Pond and Lake Stewards (PALS) Snapshot is 16 ppbgit) (Eichner and others, 2003). Using
the US Environmental Protection Agency (2000) métfus determining a nutrient threshold
criteria and the 2001 PALS Snapshot data, the CaygeCommission determined that “healthy”
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pond ecosystems on Cape Cod should have a surfacenicentration no higher than 10 ppb,
while “unimpacted” ponds should have a surface dcentration no higher than 7.5 ppb
(Eichner and others, 2003). Use of this EPA methagbests that healthy freshwater pond
ecosystems on Cape Cod should have average TPnt@tmns no higher than 7.5 to 10 ppb.

Average surface TP concentrations in three of thBdnnis ponds are less than the 10
ppb TP regional limit; none of the surface statibage an average concentration less than 7.5
ppb (Figure I11-4). Overall, 19 of the 24 Dennisnals water quality sampling depths have
average TP concentrations above 10 ppb. Concemsatnge from 8.6 ppb (shallow station in
Bakers) to 55.3 ppb (deep station in Hiram). Altradsthe ponds have higher average
concentrations at their deepest station, whichdgative of regeneration of phosphorus from
bottom sediments. Hiram has the largest differdratereen surface and bottom concentrations
with its average bottom concentration 76% highantits average surface concentration. These
concentration differences are much smaller thasetubserved in other town’s ponésy,
Eichner, 2009); the smaller difference is likelyedo most of Dennis’ ponds being shallow and,
therefore, likely to have well-mixed water columns.

[11.2.2 Total Nitrogen (TN)

Nitrogen is one of the primary nutrients that promlant growth in surface water
systems (phosphorus and potassium being the atiogr Nitrogen switches between a number
of chemical species (nitrate, nitrite, ammoniuntragien gas, and organic nitrogen) depending
on a number of factors, including dissolved oxyget, and biological uptake (Stumm and
Morgan, 1981). Nitrate-nitrogen is the fully oxidd form of nitrogen, while ammonium-
nitrogen is the fully reducedé., low oxygen) form. Inorganic nitrogen generahters Cape
Cod ponds from the surrounding aquifer in the ttm@itrogen form, is incorporated into pond
phytoplankton forming organic nitrogen, and thenaaverted back to inorganic forms (nitrate-
and ammonium-nitrogen) and released back into dimel n wastes from organisms higher up
the food chain or by bacteria decomposing deackdlythe sediments. Total Kjeldahl nitrogen
(TKN) is a combined measure of organic nitrogen amenonium forms. Total nitrogen (TN) is
generally reported as the addition of TKN and métnaitrogen concentrations.

Nitrogen is not usually the nutrient that limitogith in ponds, but ecosystem changes
during the course of a year or excessive phospHoadls can create conditions where it is the
limiting nutrient. In very productive or eutropHakes, where phosphorus is readily abundant,
blue-green algae that can extract nitrogen dirdotiy the atmosphere, which is approximately
75% nitrogen gas, often have a strong competitilv@atage and tend to dominate the pond
ecosystem. These algae, more technically knovayasophytes, are generally indicators of
excessive nutrient loads.

Nitrogen is a primary pollutant associated with teagter. Septic systems, the
predominant wastewater treatment technology on Caypk generally introduce treated effluent
to the groundwater with nitrogen concentrationsveen 20 and 40 ppm: Massachusetts
Estuaries Project watershed nitrogen loading aralyse 26.25 ppm as an effective TN
concentration for septic system wastewageg,(Howes and others, 2004). Nitrogen also tends
to move rapidly through the aquifer system, traxgein its fully oxidized nitrate form with
groundwater at average rate of a foot per day.

15



70

50

40

mll I Illlllllllll; L 1

Total Phosphorus (ug/l)

10 1 \ 1
0 T T T T T T T T
& S & $ & $ N S & N IS $ N N <& IS S &
S ¥ S Y e S s s e NS e e oy e 5 6 o & o o g A
S o3 Q 3 S N 8} ©° Q N Q v Q 15 S © Q % S ) Qo oy IS ~
g 4 > ~ £ S 2 o J v ) N & N I ¥ § ¥ 9 N N Ny @ &
& & L > @ & S ; L ’ S @ IS 4 S i SV S g
¥y & 3§y & & ¢ ¢ ¢F & FEF &S T E S s s g s §
Q Q O S 0 & e S IS & %) N S
& & « & 9 £

Figure 11I-3. Average Total Phosphorus Concentregiin Dennis Ponds 2001-2008

| Averages are based on pond data collected betweenahd September. Pond names have the statitrsdepnetersd.g,
“Eagle0.5” is Eagle Pond readings collected a@)5Error bars show maximum and minimum concerareti all averages are
corrected for outliers{ >two standard deviations). Bars colored red lsangage concentrations greater than the Cape Cod TP
threshold for healthy pond ecosystems (10 pg THigeefrom Eichner and others, 2003). Threshsldlso shown by green line.
Hiram deep maximum is 149 ug/l; scale is reducezshtiw greater detail.
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Because of these chemical and hydrologic charatitsj as well as the predominant use
of septic systems for wastewater treatment, CapepOads and lakes tend to have relatively
high concentrations of nitrogen; the 184 ponds dadhguring the 2001 PALS Snapshot had an
average surface water TN concentration of 0.58 ppeview of these sampling results
established that unimpacted Cape Cod ponds hawegctation limit of 0.16 ppm, while the
“healthy” threshold concentration is 0.31 ppm (Eiehand others, 2003).

Average surface TN concentrations in four of théDhnis ponds are less than the 0.31
ppm TN regional limit; Flax is the only pond with average concentration less than 0.16 ppm
(Figure 111-5). Overall, 17 of the 24 Dennis ponslater quality sampling depths have average
TN concentrations above 0.31 ppm. Concentratiange from 0.12 ppm (deep station in Flax)
to 1.29 ppm (deep station in Hiram). Four of thepbnds have higher surface than deep
concentrations suggesting that these ponds arerpreially regenerating phosphorus from their
sediments and that reduced dissolved oxygen inedeegters has a threshold that has not been
reached in these ponds to regenerate both phospandunitrogen. Scargo has the largest
difference between surface and bottom concentrsinoth its average bottom concentration
102% higher than its average surface concentrafltvese concentration differences are
generally smaller than those observed in other ®ponds €.g, Eichner, 2009); the smaller
difference is likely due to most of Dennis’ pondsry shallow and, therefore, likely to have
well-mixed water columns.

[11.2.3 Alkalinity and pH

pH is a measure of acidity; pH values less thare7aaidic, while pH values greater than
7 are basic. pH is the negative log of the hydnage concentration in watee.g, water with
an H concentration = 186° has a pH of 6.5). The general pH of rainwateeduailibrium with
carbon dioxide in the atmosphere, is 5.65, so bufjeof waters to reach more neutral pH
generally occurs within ecosystems. One of themhtvays this occurs is through
photosynthesis; when aquatic plants photosynthéiseaetake carbon dioxide and hydrogen ions
out of the water causing pH to increase. This re¢lhat ponds with more photosynthesis,
usually the ones that are more productive and higbeient loads, will tend to have higher pH
measurements. Alkalinity is a measure of the camgse that shift pH toward more basic,
higher values and is mostly determined by the catnagons of bicarbonate, carbonates, and
hydroxides (Stumm and Morgan, 1981). Alkalinityalso a measure of the capacity of waters to
buffer acidic inputs. Because pH and alkalinity eafluenced by shared constituents, they are
linked values.

Since the sandy soils that make up most of CapedBotbt have extensive carbonate
minerals, Cape soils generally have low alkaliaity little capacity to buffer the naturally acidic
rainwater that falls on the Cape. Groundwater dali@cted throughout the Cape generally
shows pH between 6 and 6.5; Frimpter and Gay (188®pled groundwater from 202 wells on
Cape Cod and found a median pH of 6.1. As mighexpected because of their interconnection
with the surrounding aquifer, Cape Cod ponds terttatve pH readings close to the groundwater
average, while ponds least impacted by developimerg pH close to average rain pH of 5.65.
The average surface pH of 193 ponds sampled iBG8& PALS Snapshot is 6.16 with a range
of 4.38 to 8.92, while the average alkalinity i27mg/L as CaC®with a range of 0 to 92.1
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Figure IlI-4. Average Total Nitrogen Concentrasan Dennis Ponds 2001-2008

Averages are based on pond data collected betweenahd September. Pond names have the statitrsdepnetersd.g,

“Eagle0.5” is Eagle Pond readings collected atn@)5Error bars show maximum and minimum concerdreti all averages are
corrected for outliers{ >two standard deviations). Bars colored red lmsgage concentrations greater than the Cape Cod TP
threshold for healthy pond ecosystems (0.31 mahgs (mg) TN per liter from Eichner and others, 200Bhreshold is also shown by
green line. Hiram and Scargo deep maximums ararfi11.6 mg/l, respectively; scale is reduced tmsyreater detail.
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(Eichner and others, 2003). The lowel"2®&rcentile among pH readings from the 2001
Snapshot, or the least impacted ponds, is 5.62.

Average surface pH reading in six of the 11 Deipoisds are less 5.6Eigure 111-6 ).
Overall, 13 of the 24 Dennis ponds water qualitygiing depths have average pH readings
above 5.62. Average readings range from 4.07 (d&gn in Fresh) to 6.6 (3 m station in
Scargo). Most of the shallow and deep averagewithen a few percentage of each other,
which should be excepted given that pH is calcdlatea log scale. Five of the 11 ponds have
higher surface than deep averages which shouldpexted given the relatively low nutrient
concentrations in Dennis ponds and how photosyittieseases pH. Run has the largest
difference between surface and bottom concentrainoth its average bottom reading 9% lower
than its average surface concentration.

l11.2.4 Chlorophylla (CHL-a)

Chlorophyll is a family of the primary photosyntiegpigments in plants, both
phytoplankton (or algae) and macrophytes,(any aquatic plants larger than microscopic algae,
including rooted aquatic plants). Because of itssalence, measurement of chlorophyll can be
used to estimate how many planktonic algae, otifiganicroscopic plants, are present in
collected pond water samples. ChloroplaCHL-a) is a specific pigment in the chlorophyll
family and plays a primary role in photosynthesiSEPA, 2000).

Because phosphorus, the limiting nutrient in magbé€CCod ponds, is needed for growth
by both algae and macrophytes, the available plovaplpool can be divided unequally between
these two groups of plants. Because of this mahip, the relationship between chloroplayll
and phosphorus measurements can sometimes baystigkéw, especially in ponds where the
dominant plant community is macrophytes. Anecdet@ence from Cape Cod ponds with
undeveloped land around them suggests that “n&@egde ponds are algal dominated and,
therefore, should have a strong relationship batvebéorophylla and total phosphorus
concentrations. Cape ponds, such as Long in Gellgewhere extensive rooted macrophyte
growth exists (IEP and KVA, 1989), appear to begtaduct of excessive nutrient loads and
largely unrepresentative of the ecology in mosteC@pd ponds.

During the 2001 PALS Snapshot sampling, 191 porele wampled and had surface
CHL-a concentrations determined. The average ctrateon of these samples is 8.44 ppb with
a range from 0.01 to 102.9 ppb. Using the US Emwirental Protection Agency (2000) method
for determining nutrient threshold criteria and B®LS 2001 sampling results, Eichner and
others (2003) determined that unimpacted Cape ©adghave a CHL-a threshold
concentration of 1.0 ppb and “healthy” Cape Coddsorould have a threshold concentration of
1.7 ppb.

Average surface CHL-a concentrations in only onthefl1l Dennis ponds are less than
the 1.7 ppb regional limit; Bakers is the only pavith an average surface concentration less
than 1.7 ppb (Figure IlI-7). Overall, 22 of the Rénnis ponds water quality sampling depths
have average CHL-a concentrations above 1.7 ppmne Mf the average concentrations are less
than 1 ppb. Concentrations range from 1.2 ppligearstation in Bakers) to 45.6 ppb (deep
station in Cedar). Four of the 11 ponds have Saamtly higher surface than deep
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Figure 1lI-5. Average pH in Dennis Ponds 2001-2008

Averages are based on pond data collected betweenahd September. Pond names have the statidrsdepnetersg.g,
“Eagle0.5” is Eagle Pond readings collected a@)5Error bars show maximum and minimum readintis\erages are corrected
for outliers ¢ >two standard deviations). “Healthy” pH for Ca&ped ponds is 5.62, which was estimated by revie@age-wide
pond data from the 2001 PALS Snapshot (Eichnerodimers, 2003) and is indicated by the blue linkispH also approximates the

natural pH of rainwater.
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Figure 1lI-6. Average Chlorophyll-a ConcentratiandDennis Ponds 2001-2008

Averages are based on pond data collected betweenahd September. Pond names have the statitrsdepnetersd.g,
“Eagle0.5” is Eagle Pond readings collected an@)5Error bars show maximum and minimum concerdreti all averages are
corrected for outliers{ >two standard deviations). Bars colored red lmsFage concentrations greater than the Cape CadaCH
threshold for healthy pond ecosystems (1.7 microgr@ig) chlorophyla per liter from Eichner and others, 2003). Thredhslalso
shown by green line. Cedar deep station averadfe.Gg/l; scale on y-axis is reduced to showtgredetail.
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concentrations suggesting that these ponds arergaptthe nutrients bound in phytoplankton
and transferring them to the sediments. Furth@eweand analysis of chlorophyll/phaeophytin
ratios could help to confirm this; phaeophytin ibygroduct of chlorophyll a degradation and is
regularly tested in the PALS Snapshot samples.aCleaks the largest difference between surface
and bottom concentrations with its average bottomcentration 479% higher than its average
surface concentration.

IV. Water Quality Town-wide Overview
IV.1 Trophic Status

The trophic status of a surface water body is galydbased on the amount of biomass
(or more generally “life”) that is contained in tlede or pond and a trophic index is a way to
organize and rank those biomass amounts. Deveg@pirophic index usually incorporates an
understanding of the regional geologic or climatisg, including what constitutes a “healthy”
pond, and some proxy measure or measures of theab® One of the better known pond
trophic classification strategies was develope€hyison (1977) based largely on data from
Wisconsin and Minnesota lakes. Carlson’s strategks at algal biomass and relates it to
separate measures of total phosphorus, chlorophghd Secchi disk depth. Carlson designed
the system to utilize one or another of the meastarelassify the trophic state index (TSI) of a
pond or lake on a scale of 0 to 100 (Carlson angpSon, 1996). The equations for producing
the various TSI values and the likely ecosystenmaidtaristics are presented in Table 1V-1.

Subsequent evaluations of Carlson’s Index haveddhat one measure or another is
better for use at various times of yeaug(, total phosphorus may be better than chlorophyll a
predicting summer trophic state), but the bestall/predictor of algal biomass is chlorophall
concentrations (Carlson, 1983). Subsequent ustme @ arlson Index by other investigators
have included combining and averaging the varidBkvalues. Carlson (1983) regards this as a
misuse of the indices and states “There is no lsgeombining a good predictor with two that
are not.”

Trophic indices are appropriate for first order gamson among ponds, especially when
data is limited. More in-depth pond by pond aniglys individualized measures.@, total
phosphorus, dissolved oxygen, macrophyte cove, atd their various interactions should be
evaluated to assess the “health” of a particule.ldt should also be further noted that higher
Carlson values do not necessarily mean that thervgaglity in a pond is “poor”; although water
guality and biomass levels are linked, higher bissrlavels are valuable for warm water
fisheries €.g, bass) and may be appropriate for shallow, materally productive pond
ecosystems. That said, available pond monitoratg dn Cape Cod suggests that Cape pond
ecosystems are naturally low in biomass and tlgditenitrophic levels are generally associated
with impacted or “unhealthy” pond ecosystems.

Figure IV-1 shows the trophic categories basecheraverage surface chlorophall
concentrations in the Dennis ponds, as well ag éars showing one standard deviatioe.(
68% of all possible readings should be betweertiar bars). The length of the error bars
show the variability in the data and how much ctads fluctuate within individual ponds. For
example, Flax Pond on average is classified uridelindex as an oligotrophic pond, but
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Figure IV-1. Trophic Status Index (TSI) in DenRisnds 2001-2007

TSI values are based on average surface chloroplgihcentrations from data collected between JudeSaptember and corrected
for outliers ¢ >2 std dev); error bars show TSI based on onelatdrdeviation. Classification at base of eachidbased on TSI
ranges in Carlson and Simpson (1996) for chlordpythese classifications are descrif@ble IV-1. Orange line shows the TSI
value based on the “healthy” chlorophgithreshold for Cape Cod ponds of 1.7 microgramdigr(Eichner and others, 2003).
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Table IV-1. Carlson Trophic State Index (TSI)

TSI Calculations

TSI(SD) = 60 - 14.41 In(SD)

SD = Secchi disk deiieters)

TSI(CHL) = 9.81 In(CHL) + 30.6

CHL = Chlorophyll@ncentration (ug/L)

TSI(TP) = 14.42 In(TP) + 4.15

TP = Total phospharaecentration (Lg/L)

TSI values and likely pond attributes

TSI Chla |SD TP Attributes Fisheries & Recreation

Values | (pg/L) | (m) (ng/L)

<30 <0.95 | >8 <6 Oligotrophy: Clear water, | Salmonid fisheries
oxygen throughout the year in dominate
the hypolimnion

30-40 | 0.95- |84 6-12 Hypolimnia of shallower lakesSalmonid fisheries in deep

2.6 may become anoxic lakes only

40-50 | 2.6-7.3 4-2 12-24 | Mesotrophy: Water Hypolimnetic anoxia
moderately clear; increasing | results in loss of
probability of hypolimnetic salmonids.
anoxia during summer

50-60 | 7.3-20| 2-1 24-48| Eutrophy: Anoxic hypolimnigyWarm-water fisheries
macrophyte problems possibleonly. Bass may dominatq.

60-70 | 20-56 | 0.5-1| 48-96| Blue-green algae dominate} Nuisance macrophytes,
algal scums and macrophyte | algal scums, and low
problems transparency may

discourage swimming angl
boating.
70-80 | 56-155 0.25- | 96-192| Hypereutrophy: (light limited
0.5 productivity). Dense algae and

macrophytes

>80 >155 | <0.25 192- | Algal scums, few macrophytes Rough fish dominate;

384 summer fish kills possiblg

after Carlson and Simpson (1996);

Carlson TSI developed in algal dominated, northemmperate lakes

chlorophylla concentrations fluctuate enough to place it orasion in the mesotrophic

category.

Data from the 2001 PALS Snapshot indicated thatealthy” freshwater pond on Cape
Cod would have a threshold concentration of 1.7 fpplehlorophylla, which translates to a TSI
of 35.8, while the cleanest, and presumably pest®ape Cod ponds have a TSI of 30.6 based
on a chlorophyllh concentration of 1 ppb (Eichner and others, 2003)e TSI for 1.7 ppb is
shown on Figure IV-1. Both of these chlorophylllF £30.6 and 35.8) are classified as
oligotrophic on the Carlson index (see Table IVed deneralized conditions). Based on the
average TSls from sampling between 2001 and 2Gf» of the Dennis ponds are oligotrophic.
All of the ponds are classified as either mesotioph eutrophic.

24



IV.2. Comparison of Key Data: Selection of PonoisDetailed Review

In June 2006, a preliminary overview of town-widdalwas publicly presented to
sampling volunteers and Dennis town staff. Thespntation included a review of data
available at that time, much of which is discusisetthe previous section, as well as a
comparison among the ponds in order to provide sguigance for the selection of the six ponds
that would be subject to more detailed analysis.

The comparison among the ponds included a reviesaoh of the state regulatory
thresholds for the parameters discussed above aibhting scheme based on whether the
average concentrations exceed the nutrient critleresholds developed for Cape Cod ponds in
the Pond and Lake Atlas (Eichner and others, 20B3teedances of the “healthy”
concentrationse(.g, an average TP concentration greater than 10ywab)xssigned a higher
weight than exceedance of the “pristine” concertnae.g, average TP concentration greater
than 7.5 ppb). The criteria were reviewed for esampling station depth and resulting values
were summed. Because deeper ponds have moreddafims, this ranking strategy assigns
higher potential scores to deeper ponds than shgitnds.

Because so many of the ponds exceed the “healtagéCod nutrient concentrations,
this prioritization exercise resulted in most of fonds being grouped in a relatively small
range. The results of this analysis reinforcedcthreclusion that almost all of the ponds are
impacted and that a prioritization strategy for tinen to address pond water quality remediation
will have to include other factors.

Following further discussions with town staff, gignds were initially selected for more
detailed evaluation: Bakers, Cedar, Coles, E&dée, and Scargo. Detailed evaluations were
limited to the following activities: watershed oheation and development of water and
phosphorus budgets. Project staff also agreedefmape recommendations for future monitoring
and pond management activities.
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V. Detailed Pond Evaluations

The detailed evaluations for the selected pondsidiecdelineation of watersheds,
incorporation of historic water quality data, demhent of phosphorus and water budgets, and
more refined interpretation of the available wapeality data. These evaluations are described
in the following sections.

V.1. Location and Physical Characteristics of Bak€edar, Coles, Eagle, Flax, and Scargo
ponds
The six Dennis ponds selected for more detailegbveare located in glacial outwash
plain deposits referred to as the Harwich Plaind3&p (Oldale and Barlow, 1986). This
outwash plain is mostly sand and gravel. The glagdiments were deposited during the last
deglaciation of Wisconsinan Stage of the Pleistedgpoch that occurred in New England
approximately 15,000 years ago.

The ponds are groundwater-flooded kettle holesth&gylacial ice sheets melted and
receded from southern New England, remnant “dea@blocks were buried beneath the sandy
outwash deposits derived from glacial melt watérat8er, 1966). When these buried ice blocks
later melted, the overlying sediments collapsedlafidarge depressions in the landscape.
Groundwater levels rose in response to a postajlase in sea level, which is estimated to have
attained its modern level approximately 6,000 yeas, (Ziegler and others, 1965), filled the
depressions, and created the ponds. Pollen refrordgponds on outer Cape Cod show lake
sediments were forming approximately 12,000 yegos(8/inkler, 1985), so water existed in
these depressions at that time.

The groundwater system on Cape Cod is composer mftependent groundwater flow
cells. The Dennis ponds are located in the Monobexs, which is the second largest of the
flow cells and extends from the Bass River to RleaBay. The Cape’s groundwater system
was designated as the Cape Cod Sole Source Adgoyféine U.S. Environmental Protection
Agency; this designation explicitly acknowledgeattthe aquifer system is Cape Cod’s only
source of potable water and somewhat implicitlygates how all water on the Cape is linked
together. The aquifer system is bounded by themtable at its surface, the surrounding marine
waters at it margins, and bedrock below (LeBlaatcal. 1986). The aquifer in the area of the
six ponds selected for detailed review varies betw200 and 350 feet thick and the average
groundwater flow rate is approximately one foot gay (Walter and Whealan, 2005).

Scargo Pond is the largest (60 acres) of the sixipselected for detailed review (Table
V-1). Itis situated just south of Route 6A angaximately 1,700 ft from Cape Cod Bay.
Scargo is also the deepest of the six ponds atri345.6 ft), while Flax is the next deepest at
8.2 m (26.8 ft). Flax is the second largest offibads (16 acres), followed by Coles at 11 acres,
Bakers at 10 acres, Cedar at 9 acres, and Eaglaaes. Only ponds 10 acres or greater are
considered public ponds, or waters of the Commotitvead “Great Ponds.”

As listed in Table V-1, bathymetric data is curhgminly available for Scargo. For the
other ponds, SMAST staff reviewed selected Capegoods with bathymetric data and
relationship between average and maximum depthss ra&tio for the 20 ponds reviewed is 0.49.
This is similar to the 0.467 value determined fontireds of lakes in the Canadian shield
(Wetzel, 1983). Project staff estimated volume$fakers, Cedar, Coles, Eagle, and Flax using
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the Cape Cod ratio, pond area, and the averagerstipth collected by samplers during Secchi
readings. Application of this approach to the dags with bathymetry resulted in an average
difference in mean depth of 18% with a range a¥ 1% difference. It is strongly
recommended that the town consider developing bathyc information for the five ponds and
then reevaluate the following analysis. Develoathymetric information should also be
considered for all the other ponds in town. Omlg ponds in the Town of Dennis have
available bathymetric maps; both maps are includégppendix A

Table V-1. Physical Characteristics of Bakers,&ge@oles, Eagle, Flax, and
Scargo ponds

Pond PALS | PALIS | Area Volume Residence Time  Deepest Pqint
ID # Acres| Cubic meters Years Feet

Bakers DE-342 10 95,256 0.84 15.4
Cedar DE-281 9 71,725 1.85 12.6
Coles DE-201 11 30,925 0.31 4.6
Eagle DE-447 1 97,087 3.88 22.9
Flax DE-355| 96090 16 263,032 1.01 26.8
Scargo DE-236/ 96279 G0 1,450,381 2.23 45.6
Notes:

1) Volume estimated for all ponds except Scargty Scargo has a completed bathymetric map. Volume
estimates based on mean depth to surface are@amship from other ponds on the Cape with bathyimetr
measurements. Scargo bathymetry based on a batitymeps prepared by the Massachusetts Divisidfisif
and Wildlife: http://www.mass.gov/dfwele/dfw/haditmaps/ponds/pond_maps_sd.htm).

2) PALS ID is a unique identification assigned &zle pond by the Cape Cod Commission during theapatipn
of the Cape Cod Pond and Lake Atlas (Eichner ahdrst 2003).

3) PALIS #'s are state assigned pond identifieosi(se: MAWRRC, 1985); this numbering system is not
comprehensive for all ponds on the Cape, so naetdicted ponds have PALIS numbers.

4) Residence times are based on recharge withid watersheds; original watershed delineations cetaglby
the US Geological Survey using the 2005 versiotheir Monomoy Lens groundwater model (Walter and
Whealan, 2005) and refined by SMAST staff to reflectual pond geometry, streamflows, and surfaderwa
connections.

5) Deepest point readings are based on averagenstiEpth from monitoring data. DFW lists Scargdaving a
48 ft deepest point; maximum depth recorded atdggcaronitoring point by town samplers is 50.5 ft.

V.2. Watershed Delineation and Water Budgets

A water budget accounts for the volume of watex pond and the flows of water
entering and leaving the pond. In kettle hole gpmloundwater flows through the pond,
typically entering the pond along one shoreline,(the upgradient side), while an equal amount
of pond water reenters the aquifer system along@pip@site shorelina.é., the downgradient
side). Review of aerial photos suggest that mb#teoselected Dennis ponds function in this
way. In some cases, kettle ponds have small sgeatering or leaving them. Scargo is only
one of the ponds with an easily identified streameeng or leaving; Scargo has a small stream
leaving it that connects it to the Sesuit Harbduasy.

Even with stream flows, a pond surface on Capei€génerally a reflection of the level

of the water table of the surrounding aquifer arltifluctuate in response to extended periods of
recharge/precipitation or drought (Eichner and h£998). Groundwater flows from higher
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hydraulic heads on the upgradient side to lowedea the downgradient side, sort of like
water flowing downhill. In Dennis, the highest grmlwater elevations are near Cedar Pond
where the water table elevation is approximatelyeg2 above mean sea level. Groundwater
flows from these higher elevations toward Cape Bay, Bass River or Vineyard/Nantucket
Sound, passing through lower elevation ponds albagvay. Approximate average elevations
of the six ponds selected for detailed review, BaseUSGS quadrangles, are: Bakers, 29 ft
above mean sea level (msl); Cedar, 32 ft above @u€s, 6 ft above msl; Eagle, 25 ft above
msl; Flax, 30 ft above msl and Scargo, 12 ft abogé These elevations first appeared on the
1943 version of the USGS quadrangles for this anebhave not been altered in subsequent
updates (see http://docs.unh.edu/nhtopos/Dennig¥.Iatkh for historic versions of the
guadrangles).

On Cape Cod, groundwater flow lines may be progeagggradient from ponds,
perpendicular to water table contours (or linethefsame groundwater elevation), to delineate
recharge areas or watersheds to the ponds or iest@g, Cambareri and Eichner, 1998).
Assuming uniformly distributed recharge from préteipon across these watersheds, watershed
areas are generally directly proportional to tle tbf groundwater water entering and leaving a
given pond. Using these basic understandingseoatjuifer system, hydrologists can organize
site-specific information in a groundwater modetlé system to help develop a more refined
understanding of interactions between ponds, astjgrublic water supplies, and the
groundwater system.

The United States Geological Survey (USGS) hastbceeleased a revised version of a
regional Cape Cod groundwater model that exterais the Bass River to Orleans and
encompasses the entire Monomoy Lens, where thei®ponds are located (Walter and
Whealan, 2005). This model incorporates infornmratibaracterizing groundwater levels,
municipal drinking water supply pumping, availabteeam flow measurements, and
hydrogeologic information developed over a numbetezades. The model relies on the USGS
three-dimensional, finite-difference groundwaterdeloVIODFLOW-2000 (Harbauglet al,

2000) and the USGS particle-tracking program MODPATPollock, 1994). MODPATH4
uses output files from MODFLOW-2000 to track theslated movement of water in the aquifer
and was used to delineate the area at the waterttadi contributes water to wells, streams,
ponds, and coastal water bodies. Average puntpieg (1995 to 2000) for the public water
wells in the five towns over the Monomoy Lens asedias part of the dataset for the
development of the model. The model simulatesdststate, or long-term average, hydrologic
conditions including a long-term average rechaege of 27.25 inches/year and the pumping of
public-supply wells at average annual withdrawg&tsdor the period 1995-2000 with a 15%
consumptive loss. The recharge rate is basedeomtist recent USGS information and was
modified for ponds, wetlands, and areas with lasel development. The loss factor is applied
geographically within the model and, in Dennisjeétermined by using the distribution of
residential buildings.

This USGS regional groundwater model incorporagdscsed ponds, including
approximations of their depths, and can reasonalolgel their “flow-through” interactions with
the aquifer. With this in mind, the USGS model waed to delineate watersheds to the six
ponds selected for more detailed review. Sincertbdel necessarily simplifies pond shorelines,
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model outputs were then refined by SMAST staffriodpice pond watersheds that better reflect
shoreline configuration and any available streamfloformation (Figure V-1).

Once the watershed delineations were completedarge from precipitation within
these areas was compared to available streamfli@mnmation and the collected water quality
data. With the volume of the pond and the voluihecharge from its watershed, one can
determine the residence time of water in the pofis information can then be compared to
observed nutrient concentrations as a check aelighility.

These analyses are based on output from the US&G@Bdwater flow model as it is
currently configured. Parameters and assumptiopssed on the model result in a simulation
that suggests that water from the top of the aqugifstem in some cases flows under the ponds.
This means that only a small portion of the wagggradient of Cedar Pond, for example, flows
through the pond; the majority of it flows undérhese flow paths are different than most of the
other modeled watersheds in the Monomoy Lens, wthags not show underflow. In these
cases, the model predicts that groundwater fronbdtem of the lens, approximately 300 feet
below the water table, eventually rises to surfatethe ponds. Of course, water that takes this
path may take decades to arrive at the pond.

Since the watersheds are determined by groundwieations and accompanying flow
paths, changes in these elevations, by additidargé-volume water supply well or wastewater
discharge, for example, would have the potentialltier watershed delineations. These
alterations could be evaluated using the groundwatelel. Additional water table monitoring
wells in an area of concern would also add additisite-specific data that could be used to
refine the watershed delineations presented inréipisrt.

A pond water budget summarizes all the water inpatsoutputs. In groundwater-fed
ponds, such as those in Dennis, inflow from grouaigéwto the pond and outflow from the pond
to groundwater tend to be the predominant factothe budget. Although pond volumes may
fluctuate on longer time scales.g, years), the volume of ponds are relatively staddanputs
and outputs should balance. Shorter term evemts, & high volume rainstorms, can change
the volume, but these changes are quickly assmlilay the aquifer and have little impact on an
annual water budgee (g, Eichner and others, 1998). The water budgeCage Cod ponds can
generally be represented as:

Groundwatey + Precipitation = Groundwatgr+ evaporation

In the Dennis Ponds, each of the ponds is relgtigelated, so each of the watersheds is
relatively unimpacted by nearby ponds or streanmeotions. Because streams can allow water
to leave a pond with less resistance than disch@igack to the surrounding groundwater, a
stream can be a significant factor on the outpid sif a pond water budget.¢, Eichner, 2008).
Of course, the individual characteristics of thegand the stream will determine how much of
an impact it will have on the budget.
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Figure V-1. Dennis Pond Watersheds

Watershed delineations were prepared by SMAST B&aféd on output from the US Geological
Survey regional groundwater model (Walter and Wdrea2005). Model outputs were corrected
to reflect actual pond geometry and available stfemav information. Watersheds to the ponds
selected for more detailed review are indicatecatafsheds in eastern Dennis are from a review
of Brewster Ponds (Eichner, 2009).
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Table V-2 presents the water budget for the sixrieponds selected for detailed
reviews. The input portion of the water budgetamposed of groundwater inflows,
precipitation on the surface of the ponds, and ffunem roads within 300 feet on the
downgradient side of the pond. The runoff pori®mcluded because previous analyses of
Cape Cod stormwater collection systems have fonaddonds, as the lowest elevation point,
tend to be discharge areas for road runoff evam flowngradient sources.{}, Eichner, 2007).
The groundwater inflows are based on the waterahess shown in Figure V-1 and the
groundwater recharge rate used by the Walter anelaV&h (2005). Volumes for road runoff and
net flows off the surface of the ponds are als@fam values developed for the regional
groundwater model. Outflow is based on evaporatibits surface, and groundwater outflow;
groundwater outflow is based on the remaining déffiee after accounting for evaporation.
None of the ponds have measured streamoutflow.

V.3. Phosphorus Budgets

Just as a water budget accounts for all the watmirgy into and leaving a pond, a
phosphorus budget does the same for phosphorasnals in pond and lake ecosystems is
usually limited by a key nutrient; if more of thkey nutrient is available, the biomass will
increase. In ponds and lakes, the key nutrieasuslly phosphorus. Diminishing water quality
in ponds and lakes generally follows a relativeige progression that begins with higher
phosphorus concentrations and ends with low oxygaditions: 1) more nutrients create more
plants (usually phytoplankton in Cape Cod pondgytdich decrease clarity and create more
decaying material falling to the pond bottom, 3)endbacteria consume oxygen while
decomposing the dead plants. Low oxygen condifpzaoduce chemical changes in the sediment
materials that allow the phosphorus in the sedimtrat was previously bound in plant tissues to
be release or regenerated back into the watettjrogethe opportunity to enhance the growth
cycle with additional nutrients. Of course this\geal description often becomes more complex
as the details that are specific to each pondawsidered. However, because water quality
impacts usually follow this progression, regulawr Idissolved oxygen conditions are generally
more of a terminal state, while diminishing clat8gcchi depth and elevated phosphorus
concentrations are generally the initial stagelse 3Jtatus of a pond on this progression generally
provides some sense of the level of impacts gégiving.

One way to assess whether a lake ecosystem igdirbit phosphorus is to review the
balance between phosphorus and nitrogen in the watet. As a rule of thumb, if the ratio
between nitrogen and phosphorus is greater thapht®phorus is the limiting nutrient (Redfield
and others, 1963). Because phosphorus is ushallyey nutrient, lake scientists usually
develop a phosphorus budget to quantify the prirsatyces and, if there are water quality
problems, to develop targeted strategies to retheephosphorus loads from various
portions/sources in the budget.

As groundwater flows into Cape Cod ponds alonguhgradient shoreline, it brings
with it contaminants from the pond watershed, ideig phosphorus. Phosphorus is chemically
more stable and biologically unavailable in wellygenated waters if it is bound with iron
(Stumm and Morgan, 1981). Because of this, sagdifer systems (like the Cape), where iron
coats the sand particles within the aquifer, grovatér phosphorus from small sources, like
septic systems, move very slowly (1.1-2.6 m/yr)§&dson, 2008). In contrast, nitrogen, which
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Table V-2. Water budgets for Dennis Ponds selefttedetailed review.

Inflow is composed of groundwater inflow based anwal recharge within the pond watershed, precipitaon the surface of the
pond, and road runoff. Road runoff of the “IN” lyed is estimated based road areas within 300daoh pond on their downgradient
side. Outflow from each pond is based on evapmraiff its surface, and groundwater outflow; nohé&e ponds have readily
identified stream outlets and none have measuredmstoutflow. Precipitation and recharge ratestsesame as used in Walter and
Whealan (2005); groundwater outflow is based orréneaining difference after accounting for evaporat The PALS# is a unique
identifier developed for each pond by the Cape Comhmission and listed in the Cape Cod Pond and Badks (Eichner and others,
2003).

IN ouT

Downgradient

Pond PALS #| Pond Area Groundwater Pond_S_urf_ace Road TOTAL | Groundwater| Evaporation| Stream| TOTAL Volume
Precipitation s
Precipitation
ac m3/y m3/y ma3/y ma3/y m3/y m3/y ma3/y ma3/y m3
Bakers DE-342 10 97,264 46,755 3,418 147,437 117,493 29,944 - 147,437 95,256
Cedar DE-281 9 23,218 43,081 12,105 78,405 38,708 27,591 - 66,300 71,725
Coles DE-201 11 79,805 51,225 - 131,030 98,223 32,807 - 131,030 30,925
Eagle DE-447 7 13,469 32,095 3,525 49,089 25,009 20,555 - 45,565 97,087
Flax DE-355 16 233,354 74,174 4,202 311,730 260,024 47,505 - 307,528 263,032
Scargo DE-236 60 552,644 272,227 8,286 833,157 650,524 174,348 - 824,871 | 1,450,381
IN ouT

Downgradient

Pond PALS #| Pond Area Groundwater Pond_S_urf_ace Road GW Evaporation Stream
Precipitation s
Precipitation
m2 m3/y m3/y m3/y m3/y m3/y m3/y

Bakers DE-342 41,365 66% 32% 2% 80% 20% 0%
Cedar DE-281 38,115 30% 55% 15% 58% 42% 0%
Coles DE-201 45,320 61% 39% 0% 75% 25% 0%
Eagle DE-447 28,395 27% 65% 7% 55% 45% 0%
Flax DE-355 65,623 75% 24% 1% 85% 15% 0%
Scargo DE-236 240,845 66% 33% 1% 79% 21% 0%
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is generally present in the Cape’s groundwatelesysh its fully-oxidized, nitrate form and is
not attenuated once it is in the groundwater systienvs with the groundwater, which generally
moves 1 ft/d (or 111 m/yr). Because of the comjpagly slow movement of phosphorus, most
of the sources of phosphorus entering Cape Codspgrfdom properties abutting the pond
shoreline; previous analysis of Cape Cod ponds faotesed on properties within 250 to 300 ft
of the shorelined.g, Eichner and others, 2006; Eichner, 2007; Eich?@08).

As groundwater flows into Cape Cod ponds alonguipgradient shoreline, it brings with
it contaminants from the pond watershed, inclugihgsphorus. Phosphorus is chemically more
stable and biologically unavailable in well-oxygesthwaters if it is bound with iron (Stumm
and Morgan, 1981). Because of this, sandy agsifstems (like the Cape), where iron coats the
sand particles within the aquifer, groundwater jpihasus from small sources, like septic
systems, move very slowly (1.1-2.6 m/yr) (Roberts208). In contrast, nitrogen, which is
generally present in the Cape’s groundwater systdta fully-oxidized, nitrate form and is not
attenuated once it is in the groundwater systemwdlwith the groundwater, which generally
moves 1 ft/d (or 111 m/yr). Because of the comjppaely slow movement of phosphorus, most
of the sources of phosphorus entering Cape Codspierfdom properties abutting the pond
shoreline; previous analysis of Cape Cod ponds fatesed on properties within 250 to 300 ft
of the shorelined.g, Eichner and others, 2006; Eichner, 2007; Eich2@08).

For the six Dennis ponds selected for more detadgekw, project staff began the
development of the watershed portion of the phosmhbudget by asking Dennis volunteers to
review town Board of Health records to determiredistance from the pond shorelines to septic
system leachfields, pits and cesspools on progestithin 300 ft of the pond shorelines. During
this review, information on the age of the wast@walystems and the age of the buildings
connected to these systems were also collectedASIMind Town staff assisted the volunteers
during the review of the records by preparing mapd accompanying spreadsheets listing all
parcels within or partially within the 300 ft buffeProject staff also encouraged volunteers to
note large potential nutrient sources outside ef300 ft buffer area, as well as seeking out
historic information on past land uses that migititlsave some impacts on the currently
observed water quality in the six selected ponds.

The lists of properties within 300 ft of the shanek were then adjusted to focus on
properties on the upgradient sides of the pond=riaRphotographs of the properties were
reviewed and non-wastewater loads were only asditmdeveloped properties with houses or
other structures within the 300 ft buffer and upligat, or within the watersheds, to the ponds.
For the purposes of reviewing wastewater sourdeseptic system discharge structures on
upgradient properties within the 300 ft buffer wereluded in the calculations. Properties
included in the loading calculations were adjustedescribed below, based on best
professional judgment of likely groundwater flonacacteristics near the ponds. Phosphorus
loads were developed based on the factors in T&l3le Review of selected loading factors and
the details of the loads to the individual pondsd@iscussed below.
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Table V-3. Watershed Loading Factors for Phosph8udget

Listed below are factors used in the developmethh@fvatershed phosphorus loading estimgtes

for the Dennis ponds selected for more detaileterev

Factor Value Units Source

Wastewater P load 1 Ib P/septic system MEDEP, 1889

P retardation factor 25 - 37 Groundwater | Robertson, 2008

velocity/solute
velocity

Road surface P load 25-35 Ib P/ac EPA, 198Bo#a@ and others,
2006

Roof surface P load 3.5 Ib P/ac MEDEP, 1989

Natural Areas P conc. 0.05-0.35 kg/ha Cadmus/;286ndry and
Brezonik, 1980

Recharge Rate 27.25 in/yr Walter and Whealan, 2005

Precipitation Rate 44.8 in/yr Walter and WhealdQ)2

Building Area 2,000 ft2 Eichner and Cambareri, 1992

Road Area Actual value ft2 Mass. Highway Informatio

Lawn Factors

Area per residence 5,000 ft2 Eichner and Cambar@®?

Fertilizer lawn load 0.02t00.3] IbP/ac Literatuegiew

Waterfowl Factors

P load 0.156 g/m2/yr Scheret, al, 1995

New P load 13 % Scheraat al,, 1995

Alt external P load 05-13 kgl/yr Non-areal Idmded on Cape
Cod bird counts

V.3.1 Wastewater Phosphorus Loading Factor

For wastewater phosphorus, previous Cape Cod ploosphorus budgets.g, Eichner,
2006) typically used the septic system loading datecloped by the Maine Department of
Environmental Protection (MEDEP, 1989). The MEDE®s a phosphorus loading
methodology for assessing the potential impactektbpment on pond and lake water quality.
Among the factors used is one pound of phospharnaally (1 Ib P/y) for each septic system
bordering a pond or lake and located in sandy .soils

Because of phosphorus’ chemical characteristiek] §tudies of phosphorus loads to
ponds have typically had varied results that arg dependent on the individual characteristics
of the site being evaluated. Evaluation of avddatudies have shown that annual per capita
phosphorus loads range from lelg, Reckhow and others, 1980; Panuska and Kreid@€g2)20
to 1.8 poundsq.g, Garn and others, 1996). When the soil rangetdrgial phosphorus soil
retention factors (0.5 to 0.9) are applied (Roloerisnd others, 2003), the resulting annual per
capita load ranges between 0.11 and 0.9 Ib. Asird pf comparison, KV/IEP (198%ssumed
an annual per capita load of 0.25 Ib and a peréntnal of 0.75 Ibs in their buildout calculations
for Lake Wequaquet. If one uses the average amuealpancy in the Town of Dennis during
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the 2000 Census (2.45 people per house), the pgacange results in an average septic system
load range of 0.3 to 2.2 Ibs.

Given that the MEDEP load falls into the range encbnsistent with prior Cape Cod
pond assessments, project staff proceeded witlatttisr as the initial wastewater phosphorus
load assigned to septic systems. Staff then atjubis load based on the individual
circumstances of each pond by reviewing the digtdoetween the septic system leachfields and
the pond shoreline, as well as the age of thesspsitem and house. Consideration of these
factors allows an assessment of whether the phosplfimom an individual house is likely to
have reached the pond.

V.3.2. Lawn Fertilizer Phosphorus Loading Factor

Reviews of fertilizer application rates on Capal®@ave generally found that
homeowners do not fertilize lawns as frequentlygg®@mmended by lawn care guidelines unless
commercial companies tend the lawns [see Howe®tnais (2007) for summary]. A multi-
town survey also found that approximately half afp€ Codders do not use lawn fertilizers at all
(White, 2003). MEDEP (1989) uses a fertilizer Ideain residences of 0.3 pounds per acre and
this rate has been used in other Cape Cod pongpbnss budgetse(g, Eichner, 2007).

Available research shows a wide range of phospHoags assigned to residential lawns.
For example, Erickson and others (2005) testedgitarsis application rates on mixed turf and
monoculture lawns for nearly four years. Theseéistifound that leaching rates stabilized
around 35% with average loading rates 33.7 andIB6/&c, respectively. Conversely, Sharma
and others (1996) evaluated phosphorus concentsaitiarecharge under urban lawn areas and
found concentrations equivalent to loading ratée/éen 0.02 and 0.2 Ibs/ac. Rhode Island
DEM has developed a phosphorus loading model basedrious land uses (Kellogg and
others, 2006). This model uses a range of 0 tdb4/ac depending on the land use and the soil
types and assigns a range of 0.6 to 0.7 Ib/aceteuimulative phosphorus load of low density
residential development. Given that residentigilfeation practices appear to favor low annual
application rates, project staff completed the phosus budgets for the Dennis ponds using a
range of rates: 0.02 to 0.3 Ibs/ac.

V.3.3. Bird Phosphorus Loading Factor

Phosphorus loading from birds has been a diffi@dtor to resolve for Cape Cod ponds.
Previous analyses completed by SMAST staff haved&n the factors shown in Table \at
are derived from a highly detailed study of birdsl @ond water quality from Seattle,
Washington (Scherer and others, 1995). This stwdyuated bird counts for a large pond (259
acres), determined the load per species, and ticerage of the phosphorus load from each
species that was new addition to the pond and haehrwas reworking of existing phosphorus
sources already in the pond. The results from i®&ctzad others (1995) found that the annual
average phosphorus load from birds is 0.156 grdri®sp@r square meter of lake surface with
13% of the load as new P additions to the lakecaBse this load is determined by the area of
the pond, applying this factor would result in rgonds having greater bird loading.

In order to provide some sense of how well the 8atend others (1995) study might
apply to Cape Cod, project staff reviewed bird dedrom the annual Cape Cod Bird Club
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surveys Wwww.capecodbirds.org/waterfowl.hymThese surveys are usually conducted during
the first week of December, have been done sin8d,l&nhd generally collect data from over 300
ponds. In 2007, an average of 36 birds per porglra@orded on the 313 ponds surveyed. The
average for all surveys since 1984 is 33 birdgppad. If pertinent factors from Scherer and
others (1995)d.g, phosphorus content of droppings) are used wétChpe Cod bird counts

and it is further assumed that December countsepresentative of year-round populations, the
resulting average load of new phosphorus is 0.9 kgf Cape Cod pond. In the development of
phosphorus budgets for Dennis’s ponds, project st&fd both the areal load based on Scherer
and others (1995) and the per pond load basedeo@dpe Cod Bird Club survey results.

V.3.4. Pond Surface Loading Factor

Previous pond phosphorus budgets on Cape Cod Isadeau0.14 kilogram per hectare
(kg/ha) phosphorus load on the pond surfaeas, Eichner, 2008). This rate is largely based on
a 0.14 mg/l TP concentration assigned to precipitah the diagnostic/feasibility study of
Hamblin Pond in Barnstable (BEC, 1993). Subseqrean¢ws of phosphorus in precipitation
have resulted in loads ranging from 0.05 kg/ha (&) 2007) to 0.35 kg/ha (Hendry and
Brezonik, 1980). In Cape Cod ponds with littlenordevelopment around them, where surface
precipitation would be expected to be the predontisaurce of phosphorus, review of their TP
concentrations suggest that the lower surface hgadites are more appropriate for Cape Cod
ponds. Based on this, the phosphorus budgetsdoni®'s ponds used a phosphorus load of
between 0.05 and 0.14 kg/ha for phosphorus loasiingond surfaces.

V.3.5. Road Runoff Loading Factor

Previous phosphorus budgets on Cape Cod haveausedje of 2.5 to 5.3 pound per acre
(Ib/ac) phosphorus load on the road surfaeas, Eichner, 2008). These rates are based on the
results from the EPA National Runoff Survey (1988) the MEDEP (1989), respectively.
Subsequent assessments have generally lowereanigis slightly. For example, Rhode Island
Department of Environmental Management’s nutrieatling manual (2006) suggests a range of
1 to 3.5 Ib/ac for roads based on their literatergew and low and high density residential
development, respectively. Most other approadhekjding TMDL assessments, group runoff
loads into generalized land use categories (eagl@s, 2007). In order to try to constrain the
impact of road runoff on the total loads, projdelffsdecided to use a range of 2.5 to 3.5 Ib/ac TP
for road runoff. It is clear that this factor &adiely dependent on site-specific characteristics o
the amount of pavement, how the runoff is treaé@d, whether it discharges directly or
indirectly into the pond. It is recommended thed individual stormwater systems surrounding
all Dennis ponds be characterized and, if the psmuipaired, be sampled to ascertain the actual
phosphorus contribution from road runoff.

VI. Individual Pond Reviews
VI.1. Bakers Pond

Bakers Pond is a 10-acre pond that is locatedetovidst of Airline Road (Figure VI-1).
It has a small stream at its western end conneitinogan old cranberry bog. Based on volunteer
collected data, it is has an average maximum dafpdh/ m (15.4 ft), with a maximum recorded
depth of 5.4 m (17.7 ft). Itis the fourth large$the ponds selected for detailed review.
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Figure VI-1. Bakers Pond watershed and phospHoagsng parcels

Phosphorus loads are developed for parcels witbinfBthat are also within the pond watershed.
Watershed parcels inside the 300 ft buffer, busidetthe watershed, are not assigned a
phosphorus load except for road areas. Phospluads are based on factors shown in Table V-
3. Individual parcel data is based on Town Asseisgormation and review of Board of Health

septic system records completed by town volunteers.
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Temperature data collected between 2001 and 20Gf¥@sstinat the Bakers water column
is generally well mixed; there is little differenbetween average temperature between June and
September at any of the depths (Figure VI-2). y@im¢ deepest station (below 4 m) has an
average temperature below 20°C, which is the staface water regulations (314 CMR 4)
temperature threshold for cold-water fisheriesesehtemperature readings mean Bakers should
be classified as a warm water fisheries pond.

Because of this warm water classification, theestarface water dissolved oxygen
standard for Bakers is 5 ppm (314 CMR 4). As showiigure VI-2, all station depths in
Bakers regularly exceed 5 ppm. Of the 96 dissobsadjen readings recorded during the
summer in Bakers between 2001 and 2008, only cading below 5 ppm was recorded. Based
on this regulatory criterion, Bakers pond is nopaimed.

Other water quality data generally confirm that &akPond is not impaired. Average
total phosphorus and chlorophgliconcentrations at all depth stations are less tiain
respective Cape Cod pond water quality threshddsher and others, 2003). Secchi
transparency readings average 97% of the watemeglwhich means light generally reaches
within 0.2 m (11 inches) of the bottom at the p@ndiéepest point (Figure VI-3). This relative
Secchi reading is the highest among all Dennis p@amdl highest among all 56 ponds reviewed
Dennis, Orleans, Eastham, and Brewster using BablesCounty funding (Eichner, 2008;
Eichner, 2009a; Eichner, 2009b, respectively).

The deepest readings for total phosphorus alwdagihyll a show slightly elevated
compared to surface readings. These concentriattoeases appear to indicate that the
sediments are preferentially releasing some phasghwhich, because of the clarity of the
water, is being rapidly incorporated into phytogdmm. This preferential release is consistent
with what would be more useful to sediment bacterta reduction releases more energy than
nitrate reduction for bacteria in low oxygen sedmsg Stumm and Morgan, 1981). Since
phosphorus is chemically bonded with iron in Cape €ands, the reduction of iron will break
the iron-phosphorus bond and release the phospbauksto the overlying water. This
hypothesis is also supported by the total nitroggamcentrations, which show little difference
between surface and deep stations in Bakers.rdt@mmended that the town consider regular
Secchi monitoring and twice a year water samplkectibn to track this situation and ensure that
phosphorus release from the sediments does ne@iser

Review of nitrogen to phosphorus ratios in Baké®sthat the pond is phosphorus
limited, which means that control of phosphorutheskey nutrient for determining water quality
in the pond and, therefore, is the nutrient thausdhbe targeted to ensure that its water quatity i
maintained. Average surface N to P ratio duringedinrough September is 88; generally water
N to P ratios above 16, know as the Redfield ratie,phosphorus limited (Redfield and others,
1963). Preferential phosphorus regeneration ftogrBakers sediments makes the deeper waters
slightly less phosphorus limited; average N totidra deep waters is 77.

Since phosphorus is the key for determining wateility in Bakers Pond, one of the next

steps for effective management is to determinestiueces and magnitude of phosphorus. Once
this is completed, community discussions can helgetermine what combination of phosphorus
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Figure VI-2. Bakers Pond Temperature and DO Remsd2901-2008

Temperature data shows relatively consistent teatpess throughout the water column
regardless of season indicating well-mixed condgioSummer temperatures generally average
above 20C, which classifies Bakers as a warm water fisheger state regulations (314 CMR
4). Dissolved oxygen concentrations show a simvialf-mixed pattern with nearly all readings
above the warm water fishery threshold of 5 ppnii.data collected by Dennis volunteers using
DO/Temp meters, including data from PALS Snapsfrots 2001 to 2008.
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Figure VI-3. Bakers Pond: Secchi transparencglings 2001-2008

Blue data points are Secchi depth readings, whaléos depth measurements are shown in pink. @tk dollected by Dennis
volunteers. Secchi readings are generally closleetdottom although they are consistently shaltawearly summer (May/June).
This is likely due to winter additions of organiatter being degraded and releasing nutrients wieepand begins to warm. Secchi
readings are 97% of the total depth on the ponavenage; this is the highest relative Secchi repdfrall ponds in Dennis, as well as
all ponds with significant Secchi datasets in QrieéEichner, 2008), Eastham (Eichner, 2009), aravBter (Eichner, 2009).
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management strategies will be adopted to preseaterwuality in Bakers Pond. Accounting for
all the sources and magnitude or loads of phoshisrusually done through the development of
a phosphorus budget. Phosphorus budgets usuallystof watershed sources, such as septic
systems and road runoff, and internal pond soustes) as sediment regeneration and aquatic
waterfowl.

Since directly measuring the components of a phargishbudget was beyond the scope
of this project, the phosphorus loads in this repog developed based on research that has
evaluated these components. The research reseléslpsted to address the particular details of
the pond being evaluated. For example, availadearch on phosphorus transport from septic
systems in sandy aquiferms.§, Robertson, 2008) is adjusted to reflect the nurobeeptic
systems around Bakers Pond instead of directlpgri® measure the phosphorus transport from
each system. This approach allows a reasonaliteatstto be developed, but it can be refined
with additional information. All phosphorus loadiestimates are compared to measured data
from Bakers Pond to evaluate the budget and thigpanison is used to suggest components of
the budget that would benefit from more refinecadatllection before pursuing management
strategies. This approach ensures that whateveageaent strategies are selected effectively
target the largest and most cost effective sowtphosphorus.

In order to begin to develop a watershed phosphuudget for Bakers Pond, town
volunteers reviewed Board of Health (BOH) recomdétermine the distance between the pond
and septic system leachfields for all propertiethini300 feet of the pond (see Figure V-1), the
age of the septic systems, and the age of the Bougelunteers also noted any large lawn areas
or any other notable potential sources of phosgholase to the pond. Once this information
was developed, project staff narrowed the lish®groperties that are upgradient of the pond
(i.e., in the watershed) and used the factors in Te8&o estimate a watershed phosphorus
load.

Based on this land use review, there are 12 priegestholly or partially within the 300 ft
buffer upgradient of Bakers Pond; five of them sirgle family residences and two additional
properties that are classified by the town assessbeing developable for residential uses.
Three additional properties are owned by the tomsh@ne additional is classified as
undevelopable. All five of the residences are emted to the municipal water supply.

All five of the residences have septic system l&altds within 300 feet of the pond
shore; the average distance for these system2ite28 Average age of these residential septic
systems is 17 years old, while the average ageeofiduses connected to the systems is 32 years
old. Total Title 5 design flow of the septic sysis is 1,540 gallons per day, while total water
use in 2007 was 1,649 gpd. Based on the age ckjptec systems, distance to the pond, and the
range of retention factors discussed above, sspgiems are annually contributing between 1.4
and 2 kg of phosphorus to Bakers Pond with an eséichannual steady state load of 2.3 kg
(Figure VI-4).

If phosphorus loading from runoff, lawns, birdsgdgecipitation are added to the
wastewater load, the estimated annual phosphoaasttoBakers Pond, without including an
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Figure VI-4. Bakers Pond: Estimated annual phosgphbudget

High and low estimates based on factors discuss8edtion V.3 and presented in Table V-3. Aveiagake mass, corrected for
residence time, results in an annual load of 1.bdged on measured water quality data (n=14 sagwplims). Wastewater load from
upgradient properties within the 300 ft buffer lthea septic load travel time of 35 to 81 yearsadRlmads include all areas,
including downgradient areas, within 300 ft buff€oad runoff and bird loads are the most uncedaahit is recommended that the
town evaluate these with targeted data collectiovater quality conditions in the pond worsen. €inution of seasonal phosphorus
regeneration does not appear to be a significanteo
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estimate for internal sediment regeneration, hamge 2.3 to 2.9 kg. Within these loads, the
sources that are the most uncertain are road ramdfbirds. Bird loading has a wide range,
while road runoff is based on a number of assumptthat could be checked through a review
of the stormwater structures around the pond. &ty of Bakers Pond-specific information is
recommended to clarify these particular factorsater quality conditions worsen in the pond.

Based on the phosphorus loading analysis, thedatalal load of phosphorus entering
Bakers Pond is between 2.3 to 2.9 kg. Reviewiegnater quality data can provide a reliability
check on the average mass of phosphorus in Bakdtsr reviewing the 14 sampling runs
completed between June and September, an aver@ge laj of phosphorus is in the water
column of Bakers. Since the residence time of miatéhe pond is 0.84 years (see Table V-1),
this means that roughly 1.1 kg of phosphorus ieddd the water column each year. This result
suggests that approximately 50% of the annual imaetained in the sediments. Independent
confirmation by sediment testing would be necessafyrther evaluate these calculations;
phosphorus retention in sediments can be impagted&rge number of factors including
residence time, iron availability, and sediment pH.

Sediment regeneration is not included in the phosghbudget estimates. Generally, the
water quality data does not suggest that thengmficant regeneration. As mentioned, there is
a slight rise in the average deep phosphorus caratem, but it is not significantly greater than
the surface concentration. The dissolved oxygéa aao does not show deep conditions that
would favor phosphorus regeneration from the sedimeThese conditions suggest sediment
phosphorus regeneration should be monitored, bubtlsuggest a significant impact at this
time.

Overall, water quality conditions in Bakers Poned good. It has average dissolved
oxygen concentrations above the minimum threshaldlse state regulations. Clarity is among
the best for ponds that have been evaluated oGdpe. It is recommended that the town
continue regular annual sampling of the pond twipkan early alert if conditions worsen.

VI.2. Cedar Pond

Cedar Pond is a 9-acre pond that is located tavdst of Airline Road and north of
Indian Field Drive (Figure VI-5). Aerial photogriap seems to show a fair amount of
macrophytes (i.e., rooted plants) along its northdowngradient shoreline. Based on volunteer
collected data, it is has an average maximum d&fp@8 m (12.6 ft), with a maximum recorded
depth of 4.4 m (14.4 ft). Itis the second smakdshe ponds selected for detailed review.

Temperature data collected between 2001 and 2G®&sstinat the Cedar water column is
generally well mixed; there is little differencetlveen average temperature between June and
September at any of the depths (Figure VI-6). y@im¢ deepest station (3 m) has an average
temperature below 20°C, which is the state sunfeater regulations (314 CMR 4) temperature
threshold for cold-water fisheries. These tempeeateadings mean Cedar should be classified
as a warm water fisheries pond.
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Figure VI-5. Cedar Pond watershed and phosphoadirig parcels
Phosphorus loads are developed for parcels wibinfBthat are also within the pond watershed. afgdiied parcels inside the 300 ft

buffer, but outside the watershed, are not assignatbsphorus load except for road areas. Phasphmads are based on factors
shown in Table V-3. Individual parcel data is lthea Town Assessor information and review of Baafrtiealth septic system

records completed by town volunteers.
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Because of this warm water classification, theestatrface water dissolved oxygen
standard for Cedar is 5 ppm (314 CMR 4). As showrigure VI-6, all station depths in Cedar
have occasionally fallen below the 5 ppm threshdfdaddition, average summer concentrations
at the three stations 2 meters and deeper aréhksd ppm. Based on this state regulatory
criterion, Cedar Pond is impaired.

It is project staff opinion that the lack of accpe dissolved oxygen in a significant
volume of the pond means that Cedar Pond shouttblssified as an impaired water for the
purposes of compliance with the state surface watgrlations. It should also be noted that
even though Cedar’s water column is well-mixed,gbdiment oxygen demand is sufficient to
sustain this impairment even with regular replemsht from the atmosphere. Under the state
and federal Clean Water Acts, impaired waters egeired to have a total maximum daily load
(TMDL) for the contaminant that is causing the innpeent. Since the Massachusetts
Department of Environmental Protection implemehesdtate surface water regulations, this
opinion would need to be submitted to MassDEP depbto get a definitive ruling.

Other water quality data generally confirm that &edond is impaired. Average total
phosphorus at both depth stations is more tharetthie 10 ppb Cape Cod regional guideline
(Eichner and others, 2003). Correspondingly, ayesarface chlorophyld concentration is
more than four times the 1.7 ppb regional guideliSecchi transparency readings average 45%
of the water column, which is the fourth worst amdime 10 Dennis ponds. These readings are
also high variable (COV = 38%, second highest antbadlO Dennis ponds) (Figure VI-7).
Highly variable Secchi readings are usually assediaith unstable pond ecosystems. In
addition, Cedar has had six Secchi readings (238tl o#adings) less than the state minimum
safe swimming criterion of 4 ft (1.22 m) .

The deepest readings for total phosphorus, niti@igen, and chlorophyd show
elevated concentrations compared to surface readifigese readings are statistically significant
at the <0.05 level for TN and chlorophyll and just abokiestievel for TP. These elevated
concentrations are consistent with sediment nutresgeneration. The chlorophyll and related
phaeophytin concentrations suggest that the eléwep chlorophyll concentrations are a mix
of partial degraded phytoplankton and a vigorougggtiankton population absorbing the
maximum TP concentrations near the sediments bbfirg mixed back into the upper water
column.

Review of nitrogen to phosphorus ratios in Cedamsthat the pond is phosphorus
limited, which means that control of phosphoruthes key nutrient for determining water quality
in the pond and, therefore, is the nutrient thaushbe targeted to remediate and restore water
quality conditions. Average surface N to P ratiwig June through September is 50; generally
water N to P ratios above 16, know as the Redfiicd, are phosphorus limited (Redfield and
others, 1963). A similar ratio (49) in the deegeva show that nitrogen and phosphorus are
being released from the sediments at essentidlgdme rate.

Since phosphorus is the key for determining wateity in Cedar Pond, one of the next

steps for effective management is to determinesthieces and magnitude of phosphorus. Once
this is completed, community discussions can helgetermine what combination of phosphorus
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Figure VI-6. Cedar Pond Temperature and DO Read20§1-2008

Temperature data shows relatively consistent wadleimn temperatures regardless of season
indicating well-mixed conditions. Summer temperasugenerally average above0which
classifies Cedar as a warm water fishery undee segulations (314 CMR 4). Dissolved oxygen
concentrations show reductions with depth, indigaiediment oxygen demand. Conditions
vary from year to year, but average concentratair’sm and deeper fail to attain the state warm
water fishery threshold of 5 ppm. All data colegtby Dennis volunteers using DO/Temp
meters, including data from PALS Snapshots from12@02008.
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Figure VI-7. Cedar Pond: Secchi transparencyingad2001-2008
Blue data points are Secchi depth readings, whalos depth measurements are shown in pink. @k dollected by Dennis

volunteers. Secchi readings are, on average, 43b& ¢otal depth during June through Septembexccl readings in Cedar are
extremely variable; the coefficient of variation38%, which is the second highest among the 10gonBennis with monitoring
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management strategies will be adopted to remedradeestore water quality in Cedar Pond.
Accounting for all the sources and magnitude od$oaf phosphorus is usually done through the
development of a phosphorus budget. Phosphorugebsidsually consist of watershed sources,
such as septic systems and road runoff, and intpomal sources, such as sediment regeneration
and aquatic waterfowl.

Since directly measuring the components of a phargishbudget was beyond the scope
of this project, the phosphorus loads in this repog developed based on research that has
evaluated these components. The research reseléslpsted to address the particular details of
the pond being evaluated. For example, availadearch on phosphorus transport from septic
systems in sandy aquiferms.§, Robertson, 2008) is adjusted to reflect the nurobeeptic
systems around Cedar Pond instead of directlydriormeasure the phosphorus transport from
each system. This approach allows a reasonaliteatstto be developed, but it can be refined
with additional information. All phosphorus loadiestimates are compared to measured data
from Cedar Pond to evaluate the budget and thigaadson is used to suggest components of
the budget that would benefit from more refinecadatllection before pursuing management
strategies. This approach ensures that whateveageaent strategies are selected effectively
target the largest and most cost effective sowtpblosphorus.

In order to begin to develop a watershed phosphaudget for Cedar Pond, town
volunteers reviewed Board of Health (BOH) recomdétermine the distance between the pond
and septic system leachfields for all propertiethini300 feet of the pond (see Figure V-1), the
age of the septic systems, and the age of the Bougelunteers also noted any large lawn areas
or any other notable potential sources of phosgholase to the pond. Once this information
was developed, project staff narrowed the lishgroperties that are upgradient of the pond
(i.e., in the watershed) and used the factors in Te8&o estimate a watershed phosphorus
load.

Based on this land use review, there are 18 priegestholly or partially within the 300 ft
buffer upgradient of Cedar Pond; 15 of them arglsifamily residences and two additional
properties that are classified by the town assessbeing undevelopable for residential uses.
One additional properties is owned by the townl 1Al of the residences are connected to the
municipal water supply.

Twelve of the 15 residences have septic systenmfiedats within 300 feet of the pond
shore; the average distance for these system®ite#6 Average age of both these residential
septic systems and the houses connected to th2dnyisars old. Total Title 5 design flow of
the septic systems is 4,620 gallons per day, vibikd water use in 2007 was 2,721 gallons per
day. Based on the age of the septic systemsndesta the pond, and the range of retention
factors discussed above, septic systems are apmoalributing between 2.7 and 5.4 kg of
phosphorus to Cedar Pond with an estimated antesd\s state load from wastewater of 5.4 kg
(Figure VI-8).

If phosphorus loading from runoff, lawns, birdsdgecipitation are added to the
wastewater load, the estimated annual phosphoagksttoCedar Pond, without including an
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Figure VI-8. Cedar Pond: Estimated annual phosghbudget

High and low estimates based on loading factorsugdsed in Section V.3 and presented in Table ¥&rage in-lake mass,
corrected for residence time, results in an anwadérshed load of 0.9 kg based on measured waaditygdata (n=14 sampling runs).
Wastewater load from upgradient properties withem 300 ft buffer based on septic load travel timh89to 81 years. Road loads
include all areas, including downgradient areashiwi300 ft buffer. Road runoff and bird loads #re most uncertain; given the
importance of road runoff to the overall phosphdyudget, it is recommended that the town evaldassdad with targeted data
collection prior to implementing remedial strategiAverage contribution of seasonal phosphorusnegtion is estimated from
water quality data at approximately 0.2 kg/y, batev quality data shows that it is extremely vdaabnging as high as an estimated

12.5 kg contribution.
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estimate for internal sediment regeneration, hange 8.5 to 13.1 kg. Within these loads, the
sources that are the most uncertain are road ramdfbirds. Bird loading is a relatively small
portion of the load, but road runoff is the predpamt source in both the high and low estimates.
Road runoff is based on a number of assumptioristhdd be checked through a review of the
stormwater structures around the pond. Gathefir@edar Pond-specific information is
recommended to clarify this particular factor atidva better targeting of remedial activities.

Based on the phosphorus loading analysis, thedatalal load of phosphorus entering
Cedar Pond is between 8.5 to 13.1 kg. ReviewisgMater quality data can provide a reliability
check on the average mass of phosphorus in Cédtar. reviewing the 14 sampling runs
completed between June and September, an averdge kaj of phosphorus is in the water
column of Cedar. Since the residence time of wiatédre pond is 1.85 years (see Table V-1),
this means that roughly 1.0 kg of phosphorus i®ddd the water column each year. This
results suggests that approximately 90% of the @road is retained in the sediments, which is
generally inconsistent with testing from other peilg, Dillon and Evans, 1992; Eichner,
2009). ltis likely that this result means thaam@ge portion of the watershed load is still in
transit in the aquifer and has not reached the pdmdependent confirmation by sediment
testing would be necessary to further evaluatgtiusphorus in the sediments and the current
and potential maximum regeneration; phosphorusitietein sediments can be impacted by a
large number of factors including residence timan iavailability, and sediment pH.

Review of the water quality data suggests thas#dtéments contribute approximately
17% of the phosphorus mass in the pond on avetdgeever, there is a significant variability
to this contribution; a maximum of 85% of the massmated in the water column came from
the sediments on the 8/22/06 sampling run. Simisediate corresponds to the worst dissolved
oxygen conditions, it suggests that there is dyféarge pool of sediment phosphorus that could
be released if dissolved oxygen conditions/sedirogpjen demand worsens. Again, this could
be evaluated by collecting and testing sedimergto evaluate potential maximum
regeneration.

Overall, water quality conditions in Cedar Pondiarpaired. Available monitoring data
consistently shows exceedances of various threstasid that phosphorus control is the key for
remediating the pond. It has average dissolveg@xyoncentrations at 2 m and deeper that are
below the minimum thresholds in the state surfaatemregulations. It has total phosphorus
concentrations that are at least double the Caplen@ximum guideline of 10 ppb (Eichner and
others, 2003). It has surface chlorophyll conaitns that are more than four times higher than
the Cape Cod maximum guideline of 1.7 ppb. Seclanity readings indicate a highly unstable
ecosystem, which is consistent with excessive enittoads. In addition, water quality data
shows that there is the potential for significaelease of additional phosphorus from the
sediments and watershed loading analysis indithtgsat additional phosphorus has been
discharged within the aquifer, but has not yethheddhe pond. Impaired waters are required to
have TMDLs under the state and federal Clean Watéerin this case, the TMDL would be a
phosphorus concentration limit.

In order to begin to address the water quality immpants in Cedar Pond, it is
recommended that the town consider the followirtgpnemendations:
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1) complete a bathymetric map of the pond

Completing a bathymetric map will allow a calcutatiof pond volume and provide a better
sense of the volume of impaired water and sedimefte data gathering portion of this activity
could be completed by volunteers using a Secckialisl a GPS. Collected data would then
need to be interpreted and developed into bathyeneintours.

2) collect and incubate sediment cores

Based on the water quality data, it is apparertrib&rients are being regenerated from the
sediments. What is unclear is the relationshipvben dissolved oxygen and the amount of
phosphorus regenerated. Collecting sediment @résncubating them at various dissolved
oxygen concentrations will allow the town to havguantitative relationship between DO
phosphorus regeneration and provide a more defn@ssessment of the sediment contribution
to the phosphorus mass in the pond. Having tifgsrimation will also provide a better
assessment of the water quality benefits of reduecimeliminating the sediment regeneration
source. Usually water quality samples and typiiedd data (DO/Temperature profiles, Secchi
reading) are collected at the same time as thensedisamples to understand pond conditions at
the time of core collection. These types of sedinteres traditionally are collected by
professional staff using SCUBA and incubation reggicollection of laboratory samples and
monitoring of DO concentrations. A minimum of tereores are recommended. SMAST staff
have extensive experience completing these aetvitirough the Massachusetts Estuaries
Project.

3) measure stormwater flows and phosphorus loads

Stormwater phosphorus loads are a large portidheoivatershed load calculated in the
phosphorus budget. This estimate is based onmabEpassumptions, but the town would
benefit from developing Cedar Pond-specific measerdgs of stormwater load. Volunteers who
reviewed land use for this report noted seven ifuooations from the roads surrounding Cedar.
Having pond specific data would ensure that rentedligplans are directed at the largest and
most cost effective sources.

4) Update the above assessment with the Cedar Posgecific information and develop

a remedial plan

Collection of the recommended data will allow tilssessment in this report to be updated and
refined. This updated assessment could incluée@mmended TMDL that would then have to
be approved by MassDEP and USEPA. The updatedsassat result could then, in turn, be
used to review remedial options and their costadtiress the primary causes of the water quality
impairments and, through a public process, sefhecpteferred options and develop a remedial
plan to restore Cedar Pond.

In addition to the above recommendations, the tovay also want to consider getting a
better understanding of the bird populations tisat @edar Pond and the rooted plants in the
pond. Although bird loading is a small componeiihe estimated load, it is relatively
uncertain. Volunteer bird watchers could be reeruto take regular observations including the
identification of species. Optimally, these obsgians would be collected during the course of
one year. Completion of a comprehensive plantesuwould allow the assessment to have a
better sense of how phosphorus is utilized by taet@wommunity in the pond. In most Cape
Cod ponds, the algal/phytoplankton portion of tlEpcommunity is very dominant and the
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relationship between phosphorus and pond ecosystenations is very strong. But in some
impaired and/or heavily used pondésg, Long Pond in Barnstable), this relationship can b
skewed by conditions that have created an extemsoted aquatic plant community. In these
ponds, most of the phosphorus is bound in the doplents and little is available for algae, so
the clarity can be good, but much of the pond serfa covered with leaves from the rooted
plants. Observations from PALS samplers betwe®i 2Gd 2008 have noted 10% lilly
coverage on Cedar, which is relatively high for €&wd ponds.

SMAST staff have estimated that the cost of a stdoxe project at Cedar Pond for these
recommended activities between $22,000 and $25i86ldding the rooted plant survey, with
another $10,000 to $12,000 for developing wateligumanagement strategies and a
recommended TMDL. A rooted plant survey, includmgpping, transects and species
identification, would have an estimated cost ofamstn $7,000 and $9,000. Significant potential
savings might be realized by completing these recended analyses on a number of ponds
and/or by incorporating citizen volunteer and tostaff participation where appropriate. It is
further recommended that the town continue regangual sampling of the pond while further
work is considered and after adoption of remedraltegies to monitor the levels of
improvement. SMAST staff can discuss the rang&rategies and estimated costs with town
staff and can provide the town with a detailed gcofpwork if requested.

VI.3. Coles Pond

Coles Pond is a 11-acre pond that is located appedgly 750 ft south of Cape Cod Bay
and to the west of South Street (Figure VI-9). ddbhgn volunteer collected data, it is has an
average maximum depth of 1.4 m (4.6 ft), with a mmasm recorded depth of 1.8 m (5.9 ft). Itis
the third largest of the ponds selected for dedaisiew.

Temperature data collected between 2001 and 20®&sstinat the Coles water column is
generally well mixed. As would be expected in sadhallow pond, there is little difference in
average temperatures at either the 0.5 or 1 m degtilons between June and September (Figure
VI-10). Since both stations have average tempezatabove the 20°C regulatory temperature,
Coles would be classified as a warm water fishedeu the state surface water regulations (314
CMR 4).

Under the state surface water regulations, wartenisheries are required to have
dissolved oxygen concentrations of 5 ppm or abd®shown in Figure VI-10, both station
depths in Coles are consistently above the 5 ppeshiold. Dissolved oxygen concentrations at
the 0.5 and 1 meter depths in Coles average 8.8.2mupm, respectively. These near saturation
concentrations should not be surprising given tredlew depth of Coles; because of their
relatively small volume, normal winds blowing acsdke surface of shallow ponds keep their
water columns well mixed and provide regular refglement of oxygen consumed by the
sediments. Based on the state regulatory dissalxggen criterion, Coles Pond is not impaired.

The Secchi readings generally support non-impaicedlitions, but also show suggest
that nutrient levels in the pond should be mondor@verage Secchi depth is 1.2 m and is 88%
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300 ft
buffer

watershed

Figure VI-9. Coles Pond watershed and phosphoading parcels

Phosphorus loads are developed for parcels witbinfBthat are also within the pond watershed.
Watershed parcels inside the 300 ft buffer, busidetthe watershed, are not assigned a
phosphorus load except for road areas. Phosplmads are based on factors shown in Table V-
3. Individual parcel data is based on Town Asseisdormation and review of Board of Health
septic system records completed by town volunteers.
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Figure VI-10. Coles Pond Temperature and DO Remsd2901-2008

Temperature data shows relatively consistent teatpess throughout the water column
regardless of season indicating well-mixed condg&gioSummer temperatures generally average
above 20C, which classifies Coles as a warm water fisheyen state regulations (314 CMR

4). Dissolved oxygen concentrations show a simvialf-mixed pattern with nearly all readings
above the warm water fishery threshold of 5 ppnii.data collected by Dennis volunteers using
DO/Temp meters, including data from PALS Snapsfrots 2001 to 2008.
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of the average maximum depth (Figure VI-11). WHhiles is generally a desirable relative
Secchi reading, the readings show that light retufails to reach the bottom during the
summers of 2003 to 2007. At the chlorophyll cornicion guideline for Cape Cod ponds, light
should reach the bottom of a 1.8 m deep pond (WEeit283).

This concern is reinforced when the other watetityudata for Coles is considered.
Average total phosphorus at both depth stationsoie than twice the 10 ppb Cape Cod regional
guideline (Eichner and others, 2003). Correspaylgliraverage surface chlorophwll
concentration is more than seven times the 1.7@gional guideline. Given that elevated
phosphorus and chlorophyll concentrations geneladlgl to higher oxygen demand and
dissolved oxygen reductions, it is suggested tlude<CPond should be regularly monitored to
ensure that conditions do not worsen.

Review of nitrogen to phosphorus ratios in Colesasthat the pond is phosphorus
limited, which means that control of phosphorutheskey nutrient for determining water quality
in the pond and, therefore, is the nutrient thaushbe targeted to remediate and restore water
quality conditions. Average surface N to P ratimig June through September is 59; generally
water N to P ratios above 16, know as the Redfiid, are phosphorus limited (Redfield and
others, 1963).

Since phosphorus is the key for determining wateaity in Coles Pond, understanding
the sources of the phosphorus, their magnitudeydnather they will likely increase or not are
key steps for effective water quality managemesince the pond is borderline impaired,
developing understanding of phosphorus sourcesagslist the community discussions about
management activities that the town may want teyew Accounting for all the sources and
magnitude or loads of phosphorus is usually doreutih the development of a phosphorus
budget. Phosphorus budgets usually consist ofrafad sources, such as septic systems and
road runoff, and internal pond sources, such aisned regeneration and aquatic waterfowl.

Since directly measuring the components of a phargishbudget was beyond the scope
of this project, the phosphorus loads in this repog developed based on research that has
evaluated these components. The research reseiléslpsted to address the particular details of
the pond being evaluated. For example, availadearch on phosphorus transport from septic
systems in sandy aquiferms.§, Robertson, 2008) is adjusted to reflect the nurobeeptic
systems around Coles Pond instead of directlygryognmeasure the phosphorus transport from
each system. This approach allows a reasonaliteatstto be developed, but it can be refined
with additional information. All phosphorus loadiestimates are compared to measured data
from Coles Pond to evaluate the budget and thigpamison is used to suggest components of
the budget that would benefit from more refinecadatllection before pursuing management
strategies. This approach ensures that whateveageaent strategies are selected effectively
target the largest and most cost effective sowtpbhosphorus.

In order to begin to develop a watershed phosphaudget for Coles Pond, town
volunteers reviewed Board of Health (BOH) recomdétermine the distance between the pond
and septic system leachfields for all propertiethini300 feet of the pond (see Figure V-9), the
age of the septic systems, and the age of the Bougelunteers also noted any large lawn areas
or any other notable potential sources of phospholase to the pond. Once this information
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Figure VI-11. Coles Pond: Secchi transparencglings 2001-2008

Blue data points are Secchi depth readings, whaléos depth measurements are shown in pink. @k dollected by Dennis
volunteers. Secchi readings are, on average, 388be dotal depth during June through Septembesslthan 100% relative Secchi
readings occurred during the summers of 2003 t@ 20@ loss of clarity of 50% or more of the watglumn occurred during two
summers during the same period.
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was developed, project staff narrowed the lish®groperties that are upgradient of the pond
(i.e., in the watershed) and used the factors in Tdk8eo estimate a watershed phosphorus
load.

Based on this land use review, there are threegptiep wholly or partially within the
300 ft buffer and upgradient of Coles Pond; twohafim are owned by the Town of Dennis and
one is classified by the town assessor as a siaglgy residence. The residence is connected to
the municipal water supply and uses an averagd dfjallons per day. The septic system has a
Title 5 design flow of 550 gallons per day andé&chfield is located approximately 100 feet
from the shore of the pond. Based on the ageeofakidence and its septic system, it is
estimated that it is contributing 0.45 kg of phospis to the pond (Figure VI-12). Since there
are no other developable lots upgradient and withen300 ft buffer, any additional wastewater
phosphorus load would have to come from intengificeof development on this single family
residential lot. .

If phosphorus loading from runoff, lawns, birdsdgecipitation are added to the
wastewater load, the estimated annual phosphoaaksttoColes Pond, without including an
estimate for internal sediment regeneration, hasmge 1.25 to 1.30 kg. Within these loads, the
source that is the most uncertain is loading frardsb Gathering of Coles Pond-specific
information would be necessary to clarify this marar factor.

Based on the phosphorus loading analysis, taédonual load of phosphorus entering
Coles Pond is 1.3 kg. Reviewing the water qualéta can provide a reliability check on the
average mass of phosphorus in Coles. After revigwhe 17 sampling runs completed between
June and September, an average of 0.8 kg of phasplsoin the water column of Coles. Since
the residence time of water in the pond is 0.3y¢see Table V-1), this means that roughly 2.5
kg of phosphorus is added to the water column gaah This analysis suggests that there is an
unaccounted source of phosphorus entering Coles.

Review of the water quality data appears to ruletioel sediments as a significant source.
As mentioned above, dissolved oxygen concentratoeselatively high at both depths (0.5 and
1 m). In additions, phosphorus concentrationbiede two depths average 25 and 24 ppb,
respectively. Further evaluation of the pond wdagdhecessary to identify the unaccounted
phosphorus source.

Overall, water quality conditions in Coles Pond geeerally acceptable, but excessive
phosphorus and chlorophyll concentrations and eacaksignificant loss of clarity (>50%)
suggest that Coles should be monitored regulargngure that conditions do not worsen. It is
recommended that the town consider monitoring Cokese a year: once in April and again in
August/September. Monitoring should include fisldasurements of dissolved oxygen,
temperature, and Secchi clarity, as well as cotlaadf water quality samples following PALS
protocols. Data should be reviewed at five yetarirals unless results suggest a significant
change in the system. It is recommended thatotiva tonsider a contingency plan to increase
monitoring frequency if significant changes occ&ince dissolved oxygen concentrations are
above the state regulatory minimum, no TMDL or &ddal targeted monitoring are
recommended at this time.

57



Owastewater
Ofertilizer

O runoff

O birds

O surface
precip

49%

low = 1.25 kgly high =1.30 kgly

7%

35%

Figure VI-12. Coles Pond: Estimated annual phogghbudget

High and low estimates based on loading factorsugdsed in Section V.3 and presented in Table ¥&rage in-lake mass,

corrected for residence time, results in an anwadérshed load of 2.5 kg based on measured waaditygdata (n=17 sampling runs).
Wastewater load from upgradient properties withe 300 ft buffer based on septic load travel timh8to 81 years. Road loads

include all areas, including downgradient areathiwi300 ft buffer. Bird loads are the most unagrt gathering of Coles Pond-

specific information would be necessary to clatifis particular factor. The water quality data sloet suggest that there is any
significant seasonal phosphorus regeneration frensédiments.
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VI.4. Eagle Pond

Eagle Pond is a 7 acre pond located just to théhsufithe Mid-Cape Highway (Route 6)
and approximately 0.25 miles northeast of the mpaldandfill (Figure VI-13). While Eagle
has the smallest area of the six ponds selectatktailed review, it is the third deepest with an
average maximum depth of 7.0 m (23 ft), with a maxn recorded depth of 7.6 m (25 ft).

Temperature data collected between 2001 and 2G®&sstihat the Eagle water column is
generally well mixed. On average, there is a sldgcline in temperature with depth, but the
average temperature at the surface between Jurgegmteémber is less than two degrees higher
than the average temperature at the deepest sttgure VI-14). Since all depth stations have
average temperatures above the 20°C state regutatoperature, Eagle would be classified as a
warm water fishery under the state surface watgrlagions (314 CMR 4).

Under the state surface water regulations, wartenisheries are required to have
dissolved oxygen concentrations of 5 ppm or abd®shown in Figure VI-14, summer
dissolved oxygen concentrations at the deepesbrstagularly fall below the state regulatory
threshold during the summer, but no readings bét@athreshold were recorded for any other
depth stations. In fact, the average dissolvedjeryconcentration at the deepest station
between June and September is above the 5 ppnregatatory threshold. Based on the state
regulatory dissolved oxygen criterion, Eagle Pandat impaired.

The Secchi readings generally support non-impaicgdlitions, but also suggest that
nutrient levels in the pond should be monitoredierage Secchi depth is 4.2 m and average
relative Secchi reading is 60% of the average mawirdepth (Figure VI-15). Relative Secchi
readings range between 40% and 82% between Jurigéegbeimber. The minimum recorded
reading is slightly more than twice the state ratprly limit (4 ft) for safe swimming clarity.

Other water quality data presents a slightly mopeethassessment. Average summer
total phosphorus concentrations at both the sudadedeep stations are slightly above the 10
ppb Cape Cod regional guideline (Eichner and ofl#883). The deep station average is
slightly elevated above the surface concentratimgssting some limited sediment regeneration.
Average summer chlorophyll concentrations showralar pattern to phosphorus. The average
surface chlorophyll concentration is 2.6 ppb, anpgared to the 1.7 ppb regional guideline.
These elevated concentrations are somewhat sungpigsien the general lack of development
around Eagle Pond, but concentrations may be infe@ by historic land uses including what
appears to be an abandoned cranberry bog off titbeststern shore. More refined analysis of
land use and the available water quality may pmwadditional insights.

Review of nitrogen to phosphorus ratios in Eaglessthat the pond is phosphorus
limited, which means that control of phosphorutheskey nutrient for determining water quality
in the pond. Average surface N to P ratio durimgelthrough September is 51; generally water
N to P ratios above 16, know as the Redfield ratie,phosphorus limited (Redfield and others,
1963). Bottom waters have a similar N to P radi®)( which is consistent with the well mixed
water column.
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Figure VI-13. Eagle Pond watershed and phospHoagng parcels

Phosphorus loads are developed for parcels witbinfBthat are also within the pond watershed.
Watershed parcels inside the 300 ft buffer, busidetthe watershed, are not assigned a
phosphorus load except for road areas. Phospluads are based on factors shown in Table V-
3. Individual parcel data is based on Town Asseisgormation and review of Board of Health

septic system records completed by town volunteers.
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Figure VI-14. Eagle Pond Temperature and DO Remsd2©01-2008

Temperature data shows relatively consistent teatpess throughout the water column
regardless of season indicating generally well-mhigenditions. Summer temperatures average
above 20C, which classifies Eagle as a warm water fisheyen state regulations (314 CMR

4). Dissolved oxygen concentrations generally shaimilar well-mixed pattern with all but

the deepest readings above the warm water fishegghold of 5 ppm. All data collected by

Dennis volunteers using DO/Temp meters, includiagdrom PALS Snapshots from 2001 to
2008.
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Figure VI-15. Eagle Pond: Secchi transparencglings 2001-2008

Blue data points are Secchi depth readings, whaléos depth measurements are shown in pink. @k dollected by Dennis
volunteers. Secchi readings are, on average, 6@be dotal depth during June through Septembelative Secchi readings range
between 40% and 82% of total depth.
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Since phosphorus is the key for determining watelity in Eagle Pond, one of the next
steps for effective management is to determinesthieces and magnitude of phosphorus. Once
this is completed, community discussions can helgeetermine what combination of phosphorus
management strategies can be adopted to preseteequality in Eagle Pond. Accounting for
all the sources and magnitude or loads of phosghsrusually done through the development of
a phosphorus budget. Phosphorus budgets usuakystof watershed sources, such as septic
systems and road runoff, and internal pond soustes) as sediment regeneration and aquatic
waterfowl.

Since directly measuring the components of a phargshbudget was beyond the scope
of this project, the phosphorus loads in this repoe developed based on research that has
evaluated these components. The research reseildslsted to address the particular details of
the pond being evaluated. For example, availadearch on phosphorus transport from septic
systems in sandy aquifers.§, Robertson, 2008) is adjusted to reflect the nurobseptic
systems around Eagle Pond instead of directlydgrionrmeasure the phosphorus transport from
each system. This approach allows a reasonalieagstto be developed, but it can be refined
with additional information. All phosphorus loadiestimates are compared to measured data
from Eagle Pond to evaluate the budget and thigpamison is used to suggest components of
the budget that would benefit from more refinecadatllection before pursuing management
strategies. This approach ensures that whateveageaent strategies are selected effectively
target the largest and most cost effective sowtphosphorus.

In order to begin to develop a watershed phosphaudget for Eagle Pond, town
volunteers reviewed Board of Health (BOH) recoldétermine the distance between the pond
and septic system leachfields for all propertiethii300 feet of the pond (see Figure VI-13),
the age of the septic systems, and the age ofaheels. Volunteers also noted any large lawn
areas or any other notable potential sources adgirus close to the pond. Once this
information was developed, project staff narrowsl list to the properties that are upgradient of
the pondice., in the watershed) and used the factors in Tdi8eo estimate a watershed
phosphorus load.

Based on this land use review, there are six ptiggdooth wholly or partially within the
300 ft buffer and upgradient of Eagle Pond; foutham are single family residences, one is
classified by the town assessor as being undevieleper residential uses, and one is classified
by the town assessor as being developable for indugses. In addition, the right-of-way for
Route 6, including the rest area east of Exit @J$® within this area. All four of the residences
are connected to the municipal water supply.

Of the four residences, only one has a septic syktachfield within 300 ft and within
the watershed. Based on the review of town Bo&kHealth records, this leachfield is 157 feet
from the pond shore and is six years old. TotdéH design for the system is 330 gallons per
day (gpd) and total water use in 2007 was 33 dgpaked on the age of the septic system,
distance to the pond, and the range of retentictofa discussed above, the septic system is not
yet contributing any phosphorus to Eagle Pond (feidU-16). At steady-state, this septic
system is estimated to contribute 0.45 kg of phoghper year.
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Figure VI-16. Eagle Pond: Estimated annual phogphbudget

High and low estimates based on loading factorsudised in Section V.3 and presented in Table ¥a&rage in-lake mass,

corrected for residence time, results in an anwadérshed load of 0.25 kg based on measured waaditygdata (n=12 sampling

runs). Wastewater load from upgradient propewtigisin the 300 ft buffer based on septic load tidiee of 35 to 81 years. Road
loads include all areas, including downgradienasyavithin 300 ft buffer. Bird loads are the mostertain; gathering of Eagle
Pond-specific information would be necessary tofglahis particular factor. The water quality datoes not suggest that there is any
significant seasonal phosphorus regeneration flemsédiments. The lack of balance between anoadifg estimates and observed
mass in the pond suggest that stormwater runoff iwaverestimated; additional refinement of tb&d would require Eagle Pond-
specific measurements.
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The predominant source of phosphorus reaching Bzgid is from road runoff. Based
on the land use analysis, there is approximatelgres of road surfaces upgradient of Eagle
Pond and approximately another acre downgradietiteopond. Field observations by town
volunteers indicated that there are runoff erosimeinnels from the Route 6 rest area to Eagle
Pond. Road runoff is projected to contribute betw85% to 88% of the phosphorus load
currently reaching Eagle Pond.

If phosphorus loading from lawns, birds, and prieatfpn are added to the runoff load,
the estimated annual phosphorus load to Eagle Ratithut including an estimate for internal
sediment regeneration, has a range 4.2 to 5.43aghering of Eagle Pond-specific information
would be necessary to clarify all the factors, unlthg possible contributions by the small
pond/bog to the southeast and the apparent higtonicections to cranberry bogs in Harwich.
An additional factor that should be consideredespotential impacts, both on nutrient and
groundwater flow paths, of the large septic syste1,000 gpd Title 5 design flow) associated
with the nursing home located just to the eashefgond.

Based on the phosphorus loading analysis, taédanual load of phosphorus entering
Eagle Pond is 4.2 to 5.4 kg. Reviewing the watelity data can provide a reliability check on
the average mass of phosphorus in Eagle. Afteewang the 12 sampling runs completed
between June and September, an average of 1.0dtgpephorus is in the water column of
Eagle. Since the residence time of water in thedps 3.9 years (see Table V-1), this means that
roughly 0.25 kg of phosphorus is added to the wadrmn each year. This analysis suggests
that the load from the predominant source, roadffuis overestimated. Some portion of the
annual load will be buried in the sediments andeoeoved from the water column; other
phosphorus loading analyses have indicated phogplattenuation rates in Cape Cod ponds of
50% or more (e.g., Eichner, 2008). More refinemgang of runoff sources and/or the
sediments in Eagle Pond would be necessary toer#tim phosphorus loads.

Overall, water quality conditions in Eagle Pond geeerally acceptable. Dissolved
oxygen concentrations are generally above the stgtdatory threshold of 5 ppm. Secchi
readings indicate some impacts, but are also aalskept Average phosphorus and chlorophyli
concentrations are at or above their respectivee G guidelines, which suggests that
continued monitoring should occur. This monitorgan provide an early warning to the town if
conditions in the pond change rapidly.

It is recommended that the town consider monitoEagle twice a year: once in April
and again in August/September. Monitoring shontdude field measurements of dissolved
oxygen, temperature, and Secchi clarity, as wetloligction of water quality samples following
PALS protocols. Data should be reviewed at fivaryatervals unless results suggest a
significant change in the system. It is furtherarmended that the town consider a contingency
plan to increase monitoring frequency if signifitehanges occur. Since dissolved oxygen
concentrations are above the state regulatory nuimipmo TMDL or additional targeted
monitoring are recommended at this time.

It is also recommended that the town track poténlianges to stormwater management
on Route 6. If modifications to stormwater struesion the highway are proposed, this may be
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the opportunity to encourage Massachusetts Higldepartment to adopt best management
techniques to infiltrate runoff rather than allogin create channels and directly reach the pond.

VI.5. Flax Pond

Flax Pond is a 16 acre pond located just to théhradrSetucket Road and approximately
a third of a mile north of the Follins Pond portioiithe Upper Bass River estuary (Figure VI-
17). Flax is the second largest of the six pomdiscsed for detailed review and is estimated to be
the second deepest; it has an average maximum degth m (27 ft), with a maximum recorded
depth of 8.9 m (29 ft).

Temperature data collected between 2001 and 2Gf¥8sstinat the Flax water column has
some temperature layering of warm water over caftyen most summers, but these conditions
disappear by the end of summer (August/SeptemBere conditions generally see 4-10°C
temperature difference between surface and deegrsydiut by late August/September the
surface warmth has mixed throughout the water coland this temperature difference has
shrunk to 1-3°C (Figure VI-18). These transitiomsan that in early summer Flax Pond is
similar to a cold water fishery under state regafatiefinitions, but by late summer it has
become more like a warm water fishery. Since El@gs not maintain cold water fishery
conditions, project staff suggest that it shoulctlassified as a warm water fishery under the
state surface water regulations (314 CMR 4).

Under the state surface water regulations, wartenisheries are required to have
dissolved oxygen (DO) concentrations of 5 ppm avabwhile cold water fisheries must have
DO concentrations of 6 ppm or above. Both DO tmo&ts are compared to Flax’s recorded
concentrations in Figure VI-18. These DO readsigsw that the deepest water regularly fall
below the state DO thresholds and are occasioaatixic (DO concentration <1 ppm), but on
average DO concentrations in Flax are above the Stapm minimum throughout the water
column. Based on the state regulatory dissolvegi@x criterion, Flax Pond is not impaired.

The Secchi readings suggest that water qualityitiond are a bit more of a concern than
suggested by the dissolved oxygen data. Averagehtdepth is 5 m (16.3 ft) and average
relative Secchi reading is 57% of the average mawirdepth (Figure VI-15). And the
minimum Secchi reading (2.55 m, 8.4 ft) is morenthaice the state regulatory limit (4 ft) for
safe swimming clarity. But the Secchi readingstilate over a fairly large range: relative
Secchi readings range between 31% and 91% betweernahd September. Pond ecosystems
with variable conditions tend to be more unstabieé laave more fluctuations in nutrient loads.

Laboratory water quality data, on the other haeénss to support relatively acceptable
conditions. Average summer total phosphorus canaons at both the surface and deep
stations are slightly below and slightly above pedively, the 10 ppb Cape Cod regional
guideline (Eichner and others, 2003). The higlespdstation average suggests some limited
sediment regeneration. Average summer chlorogloyltentrations show a similar pattern to
phosphorus. The average surface chlorophyll cdaretgon is 1.8 ppb, as compared to the 1.7
ppb regional guideline, while the deeper conceiuinadverages 2.3 ppb.

Review of nitrogen to phosphorus ratios in Flaxvsltiieat the pond is phosphorus
limited, which means that control of phosphoruthe key nutrient for determining water quality
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Figure VI-17. Flax Pond watershed and phospharadihg parcels

Phosphorus loads are developed for parcels witbinfBthat are also within the pond watershed.
Watershed parcels inside the 300 ft buffer, busidetthe watershed, are not assigned a
phosphorus load except for road areas. Phospluads are based on factors shown in Table V-
3. Individual parcel data is based on Town Asseisgormation and review of Board of Health
septic system records completed by town volunteers.
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Figure VI-18. Flax Pond Temperature and DO Realiz@1-2008

Temperature data show early summer stratificattioied by relatively consistent readings in
late summer. Late summer temperatures average @@, which classifies Flax as a warm
water fishery under state regulations (314 CMR@issolved oxygen concentrations show
regular anoxic concentrations in the deepest whtdraverage summer concentrations are above
state warm water regulatory threshold of 5 ppml. data collected by Dennis volunteers using
DO/Temp meters, including data from PALS Snapsfrots 2001 to 2008.
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Figure VI-19. Flax Pond: Secchi transparency iregsd2001-2008

Blue data points are Secchi depth readings, whaléos depth measurements are shown in pink. @k dollected by Dennis
volunteers. Secchi readings are, on average, 37be dotal depth during June through Septembelati¥e Secchi readings range
between 31% and 91% of total depth.
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in the pond. However, the average surface N @tiB is much smaller than found in other
ponds suggesting that the Flax is receiving a nhoaier nitrogen load than other Dennis ponds;
this suggestion would be consistent with the gdrach of development in its watershed. The
average surface N to P ratio for June through Sapte is 32; generally water N to P ratios
above 16, know as the Redfield ratio, are phosghlimited (Redfield and others, 1963).

Bottom waters have even a lower N to P ratio (24ich suggests that more phosphorus than
nitrogen is regenerated from the sediments. Qihservations in Cape ponds with limited
development have suggested that nitrogen and pbospmay play a more balanced role in
determining water quality, but nitrogen from septystems in their watersheds make them more
phosphorus limited. Further research would be ssug to refine this issue.

At this point, phosphorus appears to be the kegé&ermining water quality in Flax
Pond and, as such, one of the next steps for effectanagement is to determine the sources
and magnitude of phosphorus. Once this is conghletmmunity discussions can help to
determine what combination of phosphorus managestattgies can be adopted to preserve
water quality in Flax Pond. Accounting for all theurces and magnitude or loads of phosphorus
is usually done through the development of a phosghbudget. Phosphorus budgets usually
consist of watershed sources, such as septic systedroad runoff, and internal pond sources,
such as sediment regeneration and aquatic waterfowl

Since directly measuring the components of a phargishbudget was beyond the scope
of this project, the phosphorus loads in this repog developed based on research that has
evaluated these components. The research reseiléslpsted to address the particular details of
the pond being evaluated. For example, availadearch on phosphorus transport from septic
systems in sandy aquiferms.§, Robertson, 2008) is adjusted to reflect the nurobeeptic
systems around Flax Pond instead of directly trygnneasure the phosphorus transport from
each system. This approach allows a reasonaliteatstto be developed, but it can be refined
with additional information. All phosphorus loadiestimates are compared to measured data
from Flax Pond to evaluate the budget and this @ispn is used to suggest components of the
budget that would benefit from more refined datiection before pursuing management
strategies. This approach ensures that whateveageaent strategies are selected effectively
target the largest and most cost effective sowtphosphorus.

In order to begin to develop a watershed phosphaudget for Flax Pond, town
volunteers reviewed Board of Health (BOH) recomdétermine the distance between the pond
and septic system leachfields for all propertiethii300 feet of the pond (see Figure VI-13),
the age of the septic systems, and the age ofaiigels. Volunteers also noted any large lawn
areas or any other notable potential sources agdtarus close to the pond. Once this
information was developed, project staff narrowtsslltst to the properties that are upgradient of
the pondice., in the watershed) and used the factors in Tdi8eo estimate a watershed
phosphorus load.

Based on this land use review, there are 39 priegesithin the 300 ft buffer, but only
Six properties are also upgradient and in the whest of Flax Pond. Of these six, three of them
are single family residences, two are undeveloped,one, which occupies the majority of this
area is owned by the Town of Dennis Conservatiom@gasion. Volunteers also noted runoff
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from Madison Road into the pond, as well as a nurabditches along the southeast shoreline.
Review of aerial photographs appear to show abadloranberry bogs to the east that may also
be connected to Run Pond. Two of the three sifaghaly residences have 2007 water use and
are connected to the municipal water supply.

All three residences have septic system leachfigltten 150 ft of the pond shoreline.
Based on the review of town Board of Health recottils average distance for these three
leachfields is 95 feet from the pond shore andbigdars old. In contrast, the average age of the
houses is 39 years old with one of the houses inull954 and another in 1964. Total Title 5
design for the three systems is 660 gallons perglag) and total water use in 2007 for the two
systems was 66 gpd. Based on the age of the sggtem, distance to the pond, and the range
of retention factors discussed above, the two dideise are likely contributing phosphorus to
the pond, but their septic systems may not beeif tielatively younger leachfields are located in
a different groundwater flow path than the oldestegns they replaced. At steady-state, the three
septic systems are estimated to contribute 1.4 kfpasphorus per year.

The predominant source of phosphorus reachingFteed is from road runoff. Based
on the land use analysis, there is approximatdlyatres of road surfaces within 300 ft of Flax
Pond and of this 88% is downgradient of the polds unclear whether more impervious
surfaces outside of 300 ft near Madison Road matgd be contributing to the pond. Overall,
road runoff is projected to contribute between 46%9% of the estimated phosphorus load
currently reaching Flax Pond.

Of the estimated sources of phosphorus, the masirtain is loading from birds. The
uncertainty of this factor could be reduced by ¢mgnand identification of bird populations on
Flax Pond over a one year period. This activitylddoe completed by volunteers with skills to
identify bird species.

If phosphorus loading from lawns, birds, and prieatfpn are added to the runoff load,
the estimated annual phosphorus load to Flax Reitldout including an estimate for internal
sediment regeneration, has a range 3.3 to 4.1iggr@-VI1-20. Gathering of Flax Pond-specific
information would be necessary to clarify all thaetbrs.

Reviewing the water quality data can providelability check on the average mass of
phosphorus in Flax. After reviewing the 13 sangplinns completed between June and
September, an average of 2.5 to 2.9 kg of phosgherin the water column of Flax depending
on whether the shallow and deep readings are aagm@gnot. Since the residence time of water
in the pond is 1.01 years (see Table V-1), thismag¢hat roughly 2.5 to 2.9 kg of phosphorus is
added to the water column each year. Given traesportion of the annual load will likely be
buried in the sediments and be removed from themaatiumn, these annual estimates of
loading are reasonable. Other phosphorus loadiatyses have indicated phosphorus
attenuation rates in Cape Cod ponds of 50% or Ifgoge, Eichner, 2008); the attenuation rates
in this case are between 25% and 40%, but thisbeappropriate for Flax Pond given its lower
N to P ratio. More refined sampling of runoff sces and/or the sediments in Flax Pond would
be necessary to refine the phosphorus loads anghtiephorus burial rates.
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Figure VI-20. Flax Pond: Estimated annual phospfibudget

High and low estimates based on loading factorsudised in Section V.3 and presented in Table ¥a&rage in-lake mass,
corrected for residence time, results in an anwadérshed load of 0.25 kg based on measured waaditygdata (n=12 sampling
runs). Wastewater load from upgradient propettigisin the 300 ft buffer based on septic load tidwee of 35 to 81 years. Road
loads include all areas, including downgradienasyvithin 300 ft buffer. Bird loads are the mostertain; gathering of Flax Pond-
specific information would be necessary to clatifis particular factor. The water quality data sloet suggest that there is any
significant seasonal phosphorus regeneration frensédiments. These estimated loads appear gaberrable when compared to
the average measured phosphorus mass in the waierrc Additional refinement of these loads wordduire Flax Pond-specific

measurements.
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Overall, water quality conditions in Flax Pond gemerally acceptable. Dissolved
oxygen concentrations are generally above the stgtdatory threshold of 5 ppm. Secchi
readings indicate some impacts and fairly highalality, but are acceptable provided they do
not worsen. Average phosphorus and chlorophyltentrations are at or slightly above their
respective Cape Cod guidelines, which also suggiestzontinued monitoring should occur.
This monitoring can provide an early warning to ttwn if conditions in the pond change
rapidly.

It is recommended that the town consider monitoFRtax twice a year: once in April
and again in August/September. Monitoring shontdude field measurements of dissolved
oxygen, temperature, and Secchi clarity, as wetloligction of water quality samples following
PALS protocols. Data should be reviewed at fivaryatervals unless results suggest a
significant change in the system. It is furthesxaormended that the town consider a contingency
plan to increase monitoring frequency if signifitehanges occur. Since dissolved oxygen
concentrations are above the state regulatory niimipmo TMDL or additional targeted
monitoring are recommended at this time.

VI.6. Scargo Lake

Scargo Lake is a 59.5 acre pond located just tadhéh of Route 6A and just to the north
of Scargo Hill Road approximately a third of a milerth of the Follins Pond portion of the
Upper Bass River estuary (Figure VI-21). Scargihéslargest of the six ponds selected for
detailed review and the largest in Dennis. lti$® @ne of two ponds in Dennis with a
bathymetric map (included in the Appendix) andis®astimated to be the deepest; it has an
average maximum depth of 13.9 m (45.6 ft), withaximum recorded depth of 15.4 m (50.5 ft).

Temperature data collected between 2001 and 20®&sstinat the Scargo water column
during the summer generally fits the classical terafure stratified layering of kettle ponds. On
average, warm, well-mixed surface waters abovetdie regulatory limit of 20°C and with a 1-
3°C range are located above 7 m. At 7 m and deaperage temperatures decrease with
increasing depth, declining from 18°C to 11°C (Fegul-22). These temperatures and the
temperature layering or stratification, means 8wdrgo should be classified as a cold water
fishery under the state surface water regulati8hd CMR 4).

Under these regulations, cold water fisheriesegeired to have dissolved oxygen (DO)
concentrations of 6 ppm or above. As shown in f@gui-22, DO concentrations in deeper
waters in Scargo regularly fall below the stateshiold. Average concentrations at 8 m depth
and deeper are below 6 ppm, which means that ardyeter of the available cold water fishery
meets the state DO criterion. Waters at 11.5 mdeegher are, on average, anoxic or devoid of
oxygen. Based on the state regulatory dissolvedex criterion, Scargo Pond is impaired and,
consequently, is required to have a TMDL understiate and federal Clean Water Act.

Secchi readings suggest that these impaired conditire relatively stable. Average
Secchi depth is 4.3 m (14.2 ft) and average raddigcchi reading is 33% of the average
maximum depth (Figure VI-23). While this relati8ecchi reading is the worst among the ponds
selected for detailed review, the variance in #raings is the second smallest after Bakers.
These results mean that although there is an imairin Scargo, the impairment is very stable
over the eight years of readings and does not appde worsening rapidly.
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Figure VI-21. Scargo Lake watershed and phospHoading parcels

Phosphorus loads are developed for parcels witbinfBthat are also within the pond watershed.
Watershed parcels inside the 300 ft buffer, busidetthe watershed, are not assigned a
phosphorus load except for road areas. Phospluads are based on factors shown in Table V-
3. Individual parcel data is based on Town Asseisgormation and review of Board of Health
septic system records completed by town volunteers.
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Figure VI-22. Scargo Lake Temperature and DO Repd?001-2008

Temperature data show regular summer stratificdtibowed relatively consistent water

column temperatures generally in October. Deeppézaiure average below D), which
classifies Scargo as a cold water fishery undee ségulations (314 CMR 4). Dissolved oxygen
concentrations show regular summer anoxia in tie@els waters and average summer
concentrations at 7 m and deeper below the stédenader regulatory threshold of 6 ppm. All
data collected by Dennis volunteers using DO/Tenrggens, including data from PALS
Snapshots from 2001 to 2008.
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Figure VI-23. Scargo Lake: Secchi transparenadireggs 2001-2008
Blue data points are Secchi depth readings, whaléos depth measurements are shown in pink. @tk dollected by Dennis

volunteers. Secchi readings are, on average, 33be dotal depth during June through Septembeccls reading show relatively

small variance, indicating that while water quatiynditions are impaired, they are relatively stabl
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Laboratory water quality data reinforces that theairment in Scargo is generally
deeper in the pond. Average summer surface totghorus concentration is slightly higher
(12.8 ppb) than the 10 ppb Cape Cod regional guiel€Eichner and others, 2003). In contrast,
the deepest station, with an average depth ofrh2/8as an average summer TP concentration of
19.7 ppb. The higher deep station average suggests sediment regeneration, which would
be consistent with the anoxic dissolved oxygeniregd Chlorophyll a concentrations are even
worse than phosphorus readings; the average susurface chlorophyll concentration is 4.2
ppb, as compared to the 1.7 ppb regional guideline.

Review of nitrogen to phosphorus ratios in Scatgmsthat the pond is phosphorus
limited, which means that control of phosphorutheskey nutrient for determining water quality
in the pond. The average surface N to P ratiddoe through September is 54; generally water
N to P ratios above 16, know as the Redfield ratie,phosphorus limited (Redfield and others,
1963). Bottom waters have a similar N to P rabio)( which suggests that although TP
concentrations show sediments are regeneratingopbass that has fallen to the sediments, this
regeneration is a relatively small source compé#waslatershed sources. Evaluation of the mass
of phosphorus in the pond based on water qualilgsor@ments reinforces this suggestion; on
average, only 12% of the total mass of phosphartise pond is in the waters deeper than 9 m.

At this point, phosphorus appears to be the kegé&ermining water quality in Scargo
Lake and, as such, one of the next steps for éfeentanagement is to determine the sources and
magnitude of phosphorus. Once this is completeohneunity discussions can help to determine
what combination of phosphorus management strategie be adopted to preserve water quality
in Scargo Lake. Accounting for all the sources aragjnitude or loads of phosphorus is usually
done through the development of a phosphorus bud®jeasphorus budgets usually consist of
watershed sources, such as septic systems anduroaif| and internal pond sources, such as
sediment regeneration and aquatic waterfowl.

Since directly measuring the components of a phargishbudget was beyond the scope
of this project, the phosphorus loads in this repog developed based on research that has
evaluated these components. The research reseldslpsted to address the particular details of
the pond being evaluated. For example, availadearch on phosphorus transport from septic
systems in sandy aquiferms.§, Robertson, 2008) is adjusted to reflect the nurobeeptic
systems around Scargo Lake instead of directingryd measure the phosphorus transport from
each system. This approach allows a reasonaliteatstto be developed, but it can be refined
with additional lake-specific measurements. Albpphorus loading estimates are compared to
measured data from Scargo Lake to evaluate thegbaahgl this comparison is used to suggest
components of the budget that would benefit fromenmefined data collection before pursuing
management strategies. This approach ensureshlastver management strategies are selected
effectively target the largest and most cost eiffectources of phosphorus.

In order to begin to develop a watershed phosphaudget for Scargo Lake, town
volunteers reviewed Board of Health (BOH) recomdétermine the distance between the pond
and septic system leachfields for all propertiethivi300 feet of the pond (see Figure VI-21),
the age of the septic systems, and the age ofaiigels. Volunteers also noted any large lawn
areas or any other notable potential sources adgdtarus close to the pond. Once this
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information was developed, project staff narrowssllist to the properties that are upgradient of
the pondice., in the watershed) and used the factors in Tdi8eo estimate a watershed
phosphorus load.

Based on this land use review, there are 62 pregestithin the 300 ft buffer and 28 of
these are also upgradient and in the watershedasfi8 Lake. Of these 28, 12 of them are
single family residences, one is a multi-familyidesce, three are undeveloped, and four are
owned by the Town of Dennis. Three of the town edvproperties are owned by the
Conservation Commission and two of them have besaab@oted by the volunteer land use
review. Volunteers also noted four road runoffati@ns reaching the pond. Nine of the single
family residences have 2007 water use and are ctethto the municipal water supply.

Five of the single family residences have septgsteay leachfields within 300 ft of the
pond shoreline, while six do not have enough datéheir Board of Health records to determine
the distance. Of the systems with estimated distsrthe average distance for these leachfields
is 222 feet from the pond shore and is 25 years idontrast, the average age of the houses is
54 years old. Average Title 5 design for the &llsingle family residential systems is 440
gallons per day (gpd) (or four bedrooms), whichaggs to a total design flow of 5280 gpd. In
contrast, the total 2007 water use for the ninglsifamily residences with water use is 1,868
gpd. Based on the age of the septic systemsndesta the pond, and the range of retention
factors discussed above, six to ten of the siraylally residences are likely contributing
phosphorus to the pond, but based on the age tioilges ten of the 12 would be contributing.
An additional consideration in this assessmenthistiver the newer septic systems are in
different groundwater flowpaths than the ones tiegjaced; if they are the age of the septic
systems is more important than the age of the Isonsgetermine the wastewater component of
the phosphorus load. Wastewater loading fromralberties is estimated at between 3.6 and 5.4
kgly. At steady-state, septic systems are estuitateontribute 5.9 kg of phosphorus per year.

Stormwater runoff contributes phosphorus to Sc#ingbnearly matches the wastewater
load. Based on the land use analysis, there i®&ppately 2.7 acres of road surfaces within
300 ft of Scargo Lake and of this 75% is downgradad the pond. It is unclear whether more
impervious surfaces outside of 300 ft, from longertions of Route 6A for example, may be
discharged into the pond. Scargo-specific measemenf stormwater runoff and evaluation of
nearby stormwater structures would help to clahfy actual contribution of stormwater to the
pond’s phosphorus load. Overall, road runoff ggeted to contribute between 33% to 40% of
the estimated phosphorus load currently reachirggdcLake.

Of the estimated sources of phosphorus, the mastrtain is loading from birds. The
uncertainty of this factor could be reduced by ¢mgnand identification of bird populations on
Scargo over a one year period. This activity cdadacompleted by volunteers with skills to
identify bird species. However, bird loading ieally a relatively minor source in the overall
watershed budget of Scargo Lake.

If phosphorus loading from lawns, birds, and prieatfpn are added to the runoff load,
the estimated annual phosphorus load to Scargo, katteout including an estimate for internal
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sediment regeneration, has a range 8.8 to 14.Biggre VI-24. Gathering of Scargo Lake-
specific information would be necessary to claafiythe factors.

Reviewing the water quality data can providelability check on the average mass of
phosphorus in Scargo. After reviewing the 13 samgpiuns completed between June and
September, an average of 19.7 kg of phosphoruastigeiwater column. Of this load, it is
estimated that 1.9 kg is from sediment regeneratfsiter correcting for the sediment
regeneration and accounting for the residence ¢ihweater in the portion of the water column
not significantly impacted by regeneration (2.1rggahe annual load based on the measured
phosphorus concentrations is 8.4 kg. Given thatesportion of the annual load will likely be
buried in the sediments and be removed from themaatiumn, this analysis suggests that the
watershed load is likely toward the higher endhef annual loading estimates. Other
phosphorus loading analyses have indicated phogplattenuation rates in Cape Cod ponds of
50% or more (e.g., Eichner, 2008); if the 14.3 Kgading estimate is used, the phosphorus
attenuation rate for Scargo would be 41%. Morenszfisampling of runoff sources and the
sediments in Scargo Lake would be necessary toeréfie phosphorus loads and the phosphorus
sediment burial rates.

Overall, water quality conditions in Scargo Lake generally impaired. Based on its
average summer temperature readings, it is a catdnfishery. Average summer dissolved
oxygen concentrations are less than the stateceuwater regulations minimum of 6 ppm.
Secchi readings are consistent with the impairedlitions seen in the dissolved oxygen, but are
relatively consistent, indicating that conditiores/a not worsened over the seven years of
monitoring. Average phosphorus and chlorophyllaairations are slightly above or
significantly above their respective Cape Cod dinés, which also generally confirm the
impaired conditions. Review of nitrogen to phospisaratios show that phosphorus control is
the key to improving Scargo Lake. Impaired wateesrequired under state regulations to
develop a TMDL to address the source of the impatywhich for Scargo is excessive
phosphorus.

In order to begin to address the water quality immpents in Scargo Lake, it is
recommended that the town consider the followirtpnemendations:

1) measure stormwater flows and phosphorus loads

Stormwater phosphorus loads are a large portidheoivatershed load calculated in the
phosphorus budget presented above. This estisibtesed on reasonable assumptions, but the
town would benefit from developing Scargo Lake-sjiemeasurements of stormwater load.
Volunteers who reviewed land use for this repoteddour runoff locations from the roads
surrounding Scargo. Detailing the contributingaarto these runoff sources and their annual
loads would ensure that remediation plans are téidest the largest and most cost effective
sources.

2) collect and incubate sediment cores

Based on the water quality data, it appears tleasédiments regenerate phosphorus and
contribute approximately 12% of the mass in theawgbf Scargo Lake. Although phosphorus
sediment regeneration is related to anoxic conuhtid is unclear whether the amount
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Figure VI-24. Scargo Lake: Estimated annual phosgs budget

High and low estimates based on loading factorsudised in Section V.3 and presented in Table ¥a&rage in-lake mass,
corrected for residence time and sediment regaasraiesults in an annual watershed load of 8.6dspd on measured water quality
data (n=13 sampling runs) and without accountimgséaliment burial. Wastewater load from upgradpeaperties within the 300 ft
buffer based on septic load travel time of 35 to/84rs. Road loads include all areas, includingrdpadient areas, within 300 ft
buffer. Bird loads are the most uncertain; gatigeaf Scargo Lake-specific information would beessary to clarify this particular
factor, but it is a relatively minor portion of theidget. These estimated loads appear to be @asomhen compared to the average
measured phosphorus mass in the water column.tidual refinement of these loads would require §odrake-specific
measurements and could include direct measurenistironwater loads and sediment regeneration.
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regenerated could be increased and what conditngist cause an increase in regeneration.
The current working hypothesis for remedial solusigs that controls of watershed phosphorus
are the key to remediating Scargo Lake, but colecnd incubation of sediment cores would
allow an independent confirmation of the availdapitf the phosphorus in the sediments and
what conditions would encourage its regeneratibnese types of sediment cores traditionally
are collected by professional staff using SCUBA enodibation requires collection of laboratory
samples and monitoring of DO concentrations. Aimum of three cores are recommended.
SMAST staff have extensive experience completiegehactivities through the Massachusetts
Estuaries Project.

3) Update the above assessment with the Scargo Laggecific information and develop
a remedial plan

Collection of the recommended data will allow tilssessment in this report to be updated
and refined and allow the development of linkedesstied/pond water quality model. This
model could then be used to test and establismpakteosts associated with various remedial
options. This updated assessment could also ie@duecommended TMDL that would then
have to be submitted and approved by MassDEP amtPBS

In addition to the above recommendations, the tovay also want to consider getting a
better understanding of the bird populations tis&t 8cargo Lake. Although bird loading is a
small component of the estimated load, it is reé&dyi uncertain. Volunteer bird watchers could
be recruited to take regular observations includimegidentification of species. Optimally, these
observations would be collected during the coufsme year.

SMAST staff have estimated that the cost of a stdoie project at Scargo Lake for
these recommended activities between $25,000 an@®2 with another $10,000 to $12,000 for
developing water quality management strategiessaretommended TMDL. Significant
potential savings might be realized by completimgse recommended analyses on a number of
ponds and/or by incorporating citizen volunteer twin staff participation where appropriate.

It is further recommended that the town continugular annual sampling of the pond while
further work is considered and after adoption ofiedial strategies to monitor the levels of
improvement. SMAST staff can discuss the rang&rategies and estimated costs with town
staff and can provide the town with a detailed gcofpwork if requested.

VII.  Summary of Findings for Individual Pond Review
VII.1. Bakers Pond
- 10 acres (Great Pond under state law)
No bathymetric map; average measured maximum deptm (15.4 ft)
Warm water fishery under state surface water reigus (314 CMR 4)
Average summer dissolved oxygen concentrationseabtate minimum standards
throughout water column
Exceptional average water clarity
Average phosphorus and chlorophyll concentratiatevi Cape Cod-specific
pond guidelines
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Acceptable water based on state regulations, dategquire TMDL

Phosphorus limited

12 properties wholly or partially within the 300dffer and in Bakers watershed;
five of them are single family residences

Continued limited annual water quality monitorimgommended to provide early
warning of worsening conditions.

VII.2. Cedar Pond
- 9 acres (not a Great Pond under state law)

No bathymetric map; average measured maximum ceftm (12.6 ft)

Warm water fishery under state surface water reigns (314 CMR 4)

Average summer dissolved oxygen concentrationdé&diw state minimum

standards 2 m and deeper and occasionally throtigéaiar column

Impaired water based on state regulations, requikéiSL

Average phosphorus and chlorophg/toncentrations and Secchi readings

consistent with impaired conditions

Occasionally fails to have sufficient clarity fafe swimming

Sediment regeneration of phosphorus

Phosphorus limited

TMDL should target phosphorus

18 properties wholly or partially within the 300duffer and in Cedar watershed;
15 of them are single family residences

Stormwater and wastewater are predominant soungesnd phosphorus budget

Collection of Cedar Pond-specific information recoended: 1) bathymetric
map, 2) collection and incubation of sediments stoetest phosphorus
regeneration potential and remediation options,3ndeasure stormwater
runoff phosphorus contributions.

Once pond-specific information collected, it isaeunended that the Town
consider updating this current water quality assesd to review remedial
options and costs and develop preferred approaatefoediation

Estimated cost for stand alone Cedar Pond prajemblitected recommended
information is $22,000 to $25,000 with another $00,to $12,000 for
developing water quality management strategiesaaredéommended TMDL

VII.3. Coles Pond
11 acres (Great Pond under state law)
No bathymetric map; average measured maximum deftim (5.9 ft)
Warm water fishery under state surface water reigus (314 CMR 4)
Average summer dissolved oxygen concentrationseabtate minimum standards
throughout water column
Average phosphorus and chlorophg/toncentrations and Secchi readings
consistent with impaired conditions
Phosphorus limited
Three properties wholly or partially within the 3@®uffer and in Coles

watershed; one of them is a single family residence
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VIl.4. Eagle

Phosphorus budget suggests that there is an ungedagource of phosphorus
entering pond

No TMDL or additional assessment recommended atpbint given the limited
development in the watershed, but regular annualitoxing is recommended
to provide early warning of worsening conditions.

Pond

7 acres (not a Great Pond under state law)

No bathymetric map; average measured maximum deptm (23 ft)

Warm water fishery under state surface water reigns (314 CMR 4)

Average summer dissolved oxygen concentrationseabtate minimum standards

throughout water column

Average Secchi readings consistent with non-impaivater quality

Average phosphorus and chlorophg/itoncentrations above Cape Cod-specific

pond guidelines; may be due to historic, rathen tharent, land uses

Acceptable water based on state regulations, date®quire TMDL

Phosphorus limited

Six properties wholly or partially within the 300duffer and in Eagle watershed;
four of them are single family residences; alsdudes a portion rest area on
Route 6;

Stormwater is predominant source in pond phosphaudget, but appears to be
overestimated given measured water quality data

Continued limited annual water quality monitorirgommended to provide early
warning of worsening conditions

Also recommended that town track potential changdé&oute 6 for opportunities
to encourage better stormwater management

VIL5. Flax Pond

16 acre pond (Great Pond under state law)

No bathymetric map; average measured maximum deptm (27 ft)

Warm water fishery under state surface water reigms (314 CMR 4), but has
cold water fishery characteristics early in summer

Average summer dissolved oxygen concentrationseabtate minimum standards
throughout water column, but has occasional anog&a sediments

Average Secchi readings consistent with non-impaivater quality, but large
fluctuations suggest unstable/impaired conditions

Average phosphorus and chlorophg/itoncentrations slightly above Cape Cod-
specific pond guidelines; do not suggest impai@adions

Acceptable water based on state regulations, date®quire TMDL

Phosphorus limited

Six properties wholly or partially within the 300uffer and in Flax watershed,;
three of them are single family residences; majaritarea occupied by Town-
owned conservation land

Potential historic connection to nearby cranbeongdand Run Pond

Stormwater is predominant source in pond phosphoudget
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Continued limited annual water quality monitorimgommended to provide early
warning of worsening conditions

VII.6. Scargo Lake
- 59.5-acre pond (Great Pond under state law)

Has state-posted bathymetric map; average measweithum depth of 13.9 m
(45.6 ft)

Cold water fishery under state surface water reiguia (314 CMR 4)

Average summer dissolved oxygen concentrationsa®andeeper fail to attain

state minimum standards; waters 11.5 and deepenarac

Impaired water based on state regulations, requiivéSL

Secchi readings are consistent with impaired cardit but indicate that impaired

conditions are relatively stable and have not woedebetween 2001 and 2008

Average chlorophyla concentrations are consistent with impaired caomaist

Average surface total phosphorus concentrationgiat@bove Cape Cod-specific

guideline, but deep concentrations show impacedirsent regeneration

Phosphorus limited

TMDL should target phosphorus

28 properties wholly or partially within the 3000affer and in Scargo watershed;
12 of them are single family residences and ondi+farhily residence;
volunteers noted four road runoff input locations

Wastewater and stormwater are predominant soungasnd phosphorus budget;
sediments estimated to contribute 12%

Collection of Scargo Lake-specific information remnended: 1) measure
stormwater runoff phosphorus contributions anddlection and incubation of
sediments cores to test phosphorus regeneratientmdtand remediation
options.

Once pond-specific information collected, it isaeonended that the Town
consider updating this current water quality assesd to review remedial
options and costs and develop preferred approadiericediation

Estimated cost for stand alone Cedar Pond prajembltected recommended
information is $25,000 to $27,000 with another $00,to $12,000 for
developing water quality management strategiessaretommended TMDL

VIll. Recommended Next Steps
VIII.1. Future Citizen Monitoring
The available dataset for all the ponds considaretér this project is primarily due to
Dennis citizens volunteering to collect water quyatiata. Review of the available data has been
used to create an initial assessment of the waidity in all of the sampled ponds and detailed
review of selected ponds. It is recommended thatitaring of all ponds continue, but that the
monitoring frequency be reduced to twice a yearcean April to establish pre-summer water
quality conditions for that year and once in Au¢Bisptember to evaluate what are likely to be
the worst water quality conditions of the yearislturther recommended that PALS Snapshot
sampling protocols continue to be used for bothpdeng rounds. Continuing this sampling will:
1) provide early warning of significant changesvater quality,
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2) provide a longer-term, more comprehensive undeding of pond conditions, and

3) provide an on-going baseline for water qualignagement by the Town with regards
to TMDLs, impacts of current and future proposedilase activities, and
comprehensive wastewater management.

VIII.2. Detailed Review of Other Ponds

The detailed reviews of the six selected pondsatepresented above provide
assessments that can be used to judge whetheoitkds meet state regulatory standards, as well
as an initial assessment of their ecological stali®wever, in each case, these assessments
identified other information needs that are neddednore definitive assessment and/or
information that will need to be developed prioei@luation and costing of remedial options. It
is recommended that the Town consider similar thetaeviews for the other five ponds that
have citizen collected water quality data: Fré$inam, North Simmons, Run, and White.
Completing these reviews will allow the town to eek$ town-wide water quality concerns in a
more comprehensive fashion, especially if thesevevare completed prior to the completion of
the Needs Assessment phase of the town-wide Compsele Wastewater Assessment.

VIII.3. Regulatory Status for Six Detailed Ponds

The two of the six ponds with detailed reviews thatuded watershed delineations,
water and phosphorus budgets, and limiting nusiang impaired according to state regulations.
Those that are defined as impaired under statdategus will eventually be required to have a
TMDL defined and, based on current DEP guidanck need to have that TMDL addressed
through a comprehensive wastewater management filancecommended that the Town
consider filing these two ponds (Scargo and Cearnpaired during the 2010 round of the
state’s integrated list preparation (to satisfyef@dl requirements under Sections 303d and 305b
of the Clean Water Act). The state’s responsepridvide the town with guidance about how to
approach remediation of these ponds, as well akagae on how similar conditions will be
regarded in Dennis’s other ponds. The current§20@egrated DEP list has Scargo and Flax
listed as Category 3 “No Uses Assessed” watersraa this category are included in the list
but have no completed assessment and no deteromradttheir water quality.

VIIl.4. Development of Recommended Information tioe Six Detailed Ponds

The two ponds characterized as impaired in thpsntehave recommended additional data
collection prior to development of remedial optipties data collection will provide a better
understanding of the ecosystems and provide arlitses for determine which remedial options
can address the underlying causes of the impairraenwell as providing a better basis for
determining the costs associated with the opti@@me of this additional data collection can be
done by volunteers, some by town staff, and sontleaquire higher level technical staff.
SMAST staff can provide guidance to the town in Hovapproach this data collection in ways
that will save money while addressing the techniegqlirements of the data collection. SMAST
staff are willing to review the recommended datiection, options for collection, and potential
costs with the Town.

In addition to remediation, one of the major defigies in all the detailed assessments

completed for the six ponds was the lack of bathyyneBathymetry helps to define the volume
of the ponds, which is important for understandimgmeasured concentrations from the water
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quality samples. Project staff have estimatedmelsi based on relationships between depths and
areas of other ponds on the Cape, but it is recardetethat bathymetry be developed for the

five ponds with detailed assessments (Scargo alteasl a bathymetric map), as well as the

other ponds in town. The bathymetric informatiam @e collected by volunteers with the proper
equipment. SMAST staff can provide guidance tottlven on the development of this

information, as well as providing the post-colleaticreation of the bathymetric maps.

IX. Conclusions

Cape Cod ponds are part of the regional aquifeesysnd, as such, are linked to
drinking water and coastal estuaries, as well ggpafiutants added to the aquifer. Until the
Cape Cod Pond and Lake Stewardship (PALS) programoneated, water quality in most Cape
ponds was limited to anecdotal information fromgdme residents.

The Cape Cod PALS program provides a focus for jpead concerns and staff from
Coastal Systems Program at the School of Marinen8eiand Technology (SMAST),
University of Massachusetts Dartmouth and the @ Commission (CCC) provide training
and guidance to local volunteers about collectimagewquality samples, as well as discussing
pond water quality and use management. Volunte¢emguality sampling activities have led to
eight consecutive, annual PALS water quality snafsstwhich have included free laboratory
analysis through SMAST for any collected pond watglity samples, and citizen enthusiasm
has led to more grant-supported, citizen monitoviity) laboratory services provided through
the Cape Cod National Seashore. All these mongaactivities have created a large dataset of
volunteer-collected pond water quality data in nekdnalysis and interpretation.

Through funding provided by Barnstable County, SMAsSaff have been contracted by
the CCC to review the available laboratory andifighter quality data (over 4,200 data points)
collected by Town of Dennis volunteers from 11 pohdtween 2001 and 2008. This review
also includes a detailed review of six ponds setebty the Town: Bakers, Cedar, Coles, Eagle,
Flax and Scargo. These detailed, pond-specifievwes/include delineation of pond watersheds,
development of water and phosphorus budgets, deaization of the ponds ecological status,
and recommendations for next steps.

Review of the volunteer data from 11 Dennis pondsitored between 2001 and 2008
indicates that four ponds have at least one deptios that has an average dissolved oxygen
concentration less than the state regulatory mimm«Cedar, Hiram, Run, and Scargo. Given
the regulatory standards, these ponds are candiftatbeing classified as “impaired waters”
and, thus, requiring a TMDL. Three other pondsaxFNorth Simmons, and White) have
individual measurements where waters had oxygerffioent to sustain fish (<1 ppm).

Review of other ecological factors show that althe ponds except for Bakers have
average chlorophyll concentrations that exceedCdyge Cod ponds 1.7 ppb guideline. This
suggests that most of these ponds are receiving mdgrients than they should. This is
reinforced by the review of average phosphorus eoinations, which shows that 10 of the 11
ponds (Bakers is the exception) have at least @ti@I1s with an average concentration greater
than the Cape Cod ponds 10 ppb guideline. Thelslefahe depths where the exceedances
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occur and the magnitude of the exceedance reintbecaeed to review the individual
characteristics of each pond.

Review of total nitrogen to total phosphorus ratiothe six ponds selected for detailed
review show that all ponds are phosphorus limiguch means that management of phosphorus
will be the key for determining water quality inese ponds. It also means that reductions in
phosphorus will have to be part of any remediagitams.

The detailed reviews completed for the six pondiscsed by the town build on the town-
wide water quality overview and enhance and prowgithetter context by understanding of how
watershed and in-lake factors influence the medsweger quality. These detailed reviews
incorporate watershed information, development atewbudgets to determine how water moves
in an out of each pond, and development of phoghiondgets to help understand the likely
sources of the phosphorus in each individual pdrtte phosphorus budget development
includes review of surrounding land uses, whiclo aldows project staff to develop estimates of
both existing and future sources of phosphorusdpleltter understand the time of travel delays
associated with phosphorus transport in the aquafed identify where additional information
should be gathered before remediation plans arkemgnted.

Because phosphorus moves very slowly in Cape Coifesigonditions, it can take
decades for some loads, even from nearshore sauchsas septic systems, to reach a pond
shoreline and discharge into the pond. Compaid@xisting conditions to projected future
loads in the six ponds show that only a fractiothef steady-state watershed nutrient loads have
reached the ponds; water quality will worsen asawdithe phosphorus already in the aquifer
reaches pond and the systems move closer to stéatey

The detailed review of the six individual pondswkdhat Scargo and Cedar are impaired
based on dissolved oxygen limits in the state Serf&ater Quality Regulations (314 CMR 4)
and will likely require TMDLSs. In contrast, all bBaker of the six selected ponds have average
concentrations exceeding the Cape Cod-specific garaktlines for total phosphorus and
chlorophylla. The individual circumstances of each pond show the state dissolved oxygen
standards can be met even when ecological condidomseverely impaired. Coles Pond, for
example, meets state dissolved oxygen standardstkesegh it has average total phosphorus
concentrations two times higher and average chlyibp concentrations 8 times higher than
their respective Cape ponds standards. Dissolxggen standards in Coles are met because of
its shallow depth and regular mixing of atmospheriggen. Project staff recommended that
these conditions in Coles continue to be monitgigdn that the watershed analysis showed that
only one house contributes phosphorus to the ponddédditional data would be necessary to
better understand the causes of the high phosplboneentrations.

The better understanding of this pond ecosystemtpout the need for additional
information before the town develops remedial apiand their associated costs. Key among
these are better understanding of sediment phogphlegeneration, stormwater phosphorus
contributions, and pond bathymetry. Collectingiseht samples will clarify how much the
sediments contribute to the observed phosphoruseodrations, how much they could
contribute in worsened conditions, and whetherdbisrce needs to be addressed in remedial
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solutions. Stormwater contributions of phospharese identified as a major source in all of the
watershed analyses, but site-specific informationlel ensure that any town remediation
activities are appropriately targeted. Bathymetrgomprehensive depth information is only
available for Scargo and Fresh; developing thisrm&tion will provide more definitive
understanding of measured nutrient concentratiods @nsequently, any remedial solutions
designed to reduce these concentrations. Completithese activities will allow the town to
more effectively review remediation options ancadke define which sources are most cost
effective to address.

Addressing the pond water quality concerns in Demnil require addition information,
coordinated effort with state regulations, and rpooation of goals into the town
Comprehensive Wastewater Planning efforts. SMAGT are available to provide additional
guidance, develop tasks and associated costs tessdithese impairments, help to ensure future
regulatory compliance, and restore these systems.
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APPENDIX A

Available
Pond Bathymetric Maps
Town of Dennis

prepared by
Jay Detjens, GIS Analyst
Cape Cod Commission

Data sources:

Fresh Pond bathymetry from
Cape Cod Pond and Lake Atlas (Eichner and oth6f3)2

Scargo Lake bathymetry from
Massachusetts Division of Fish and Wildlife
http://www.mass.gov/dfwele/dfw/habitat/maps/pondsgh maps sd.htm









APPENDIX B

Dennis Ponds Sampling Sheet
Baker Pond example









