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Introdudion:

Sesachacha Pond s acoastal eutrophic salt pond bcated on he northeast pat of
Nantucket Island. It isa kettle pond, fomed during thelast glacial period. Ithas two
deep basing (15-18ft. degp) on he northern and uthern end. This uniquephyscal
characteristic of Sesachacha Pond dlows it to support high slinity conditionswhen the
pond B propely opened, and flushed to the sea.

Thedranage basin of Sesachacha Pond mvers approximately 800acres. The
watershed to pond réo is low (3:1). Thesurface area of the pond dumng @omal
condition®covers 266 ares. During the Gloodel condtionthe pond overs 279
acres. Theapproximate pond voume for hormalOand @loodedOconditionsis 2,183
acre-ft and 3129 are-ft, respectively.

Development in the pondOwatershed has increased nutrient loading o the pond
via groundvater and urface runoff. Ntrogen, alimiting nutient in salt water condtions
has reached extremely high levelsinthe pond severely degrading weter qudity
conditions The lack of flushing during some pond opeaingshas resulted in highe
coneentrationsof nutients, low oxygen peiods phybplankton dooms, and fish kills
during anoxic summer events (2002) and (2006)

Water quality is continuing to degrade ove time. Sesachacha Pond wes first
placed onthe Massachusetts 303dlist in 1998, for impared water bodies. Sesachacha
Pond ha& not met the sandadsfor the direct consumption of dlfish dueto pathogens
since 1988 (Dvision of Marine Fisheries). The Depatment of Environmental Protection
isthe govening agency for impaired water bodies, and hasinduded Sesachachain the
DEP Estuaries Project. This progran will determine nutrient thresholdsfor the pord, and
was scheduled to becompleted by the School for Marine Science and Technology
(SMAST) by ine2004 Thereportis now unde the review of the DEP. In 2002
SMAST conduded some prdiminary sudies and found he pondto bein poor fealth,
exhibiting hype-eutrophic conditionswith averagetotal nitrogen levelsa 1,200 pp. In
their Critical Indicator Interim Report O03they classify water bodies beng of sgnificant
imparment when TN levels are between 700-800 ppb.

Historically, Sesachachawas opened to the ocean seasondly to enhance marine
fisheries. Pond op@ingswere discortinued for ten years, from 19811991 The absence
of the openingsresulted in an environmental change moving frommarine to afresh
water ecosystem. Sesachacha Pond ha been monitored snce 1980 for vater qudity
conditionsby avariety of agendes. The conalting firm, Perkins Jordan, Inc, completed
thefirst, mod thorough tudy in 1985. At tha time the water qudity andysis ind cated
the pond & a mesotrophic system, in goodto fair health with average TN levels a 460
ppb. Thereportalso concluded tha, nat opening the pond would result in a complete
freshening of hepond ower time. That freshening would result in dress and desth to
marinelife in the pond. They aso foundwhat appeared to be aclay layer, buffering the
groundwvater table from the saline conditionsin the pond;which allowed for and
maintained well water purity.



At tha time, they bdieved that the limited number of septic systems, would not
negaively influence the pond. Hbwever, nitrates and phogphaes were expected to build
up ove time, if the pond were nat flushed to the ocean. As years passed, andthe pand
began to freshen, phytoplankton blooms began to occur more frequently. Fsh kills began
to occur durngthe summer months, and associated odorsbecame more prominent. The
community around ®sachacha Pond be&ame increasingly aware of these environmental
condiions, andther involvement eventudly lead to public demand to reopen the pands
This movement evolved into political pressures at the federa level to grant aChomerule
petitionOto the Town of Nantucket to open the grest ponds(1991)

Sesachachamud remain open to the ocean for & least a week, to ensurea prope
volumetric exchange of water. In (2005),the pond was opened three times. Fear of
flooding lead to an additiond opening, which occurred in the winter (2/16-2/24).
Because of low water temperatures a thistime, many hundrels fish, of saveral goecies
were sranded on te bankswhen the water level was lowered; appaently caught off
guad, in agate of torpor. In 2006, he soring opeing lasted 5 days, from 4/27 to 53,
during which, hering were seen runnng into the pond.The fall opening lasted only two
days, 1027 to 1029, dosing prenaturdy dueto asevere ondoresorm. Neither the
spring nor hefall openingssuccessfully replaced enough @ean water, for pond vater to
dilute nutrient concentrations maintain marine fisheries, or increase sainity.

Increased development to the notth of Sesachacha Pond ha increased nutient
loading into Sesachacha Pond. Surface water runoff and groundvater carry nitrogen and
phogphorusto the pond changing water chemistry. Mog of the development (80%9),
around ®sachachaPond s located in aglacia morane known as the Plymouth-Evesboro
Assodation. The permeability of this soil type, made up fromglacial till and outvash
depostsisrapid. Septic tanks placed on he downward dopeto the pond will increase
seepage of efluentinto the pondand groundwater. Nutrients are thusentering
Sesachacha Pond tiough grounduater infiltration. This accelerated eutrophication
process has made pond oningsmorecritical in maintaining good vater qudity. A
prope exchangeof nutient latent pond vater with alkaline-rich acean water is now
important in maintaining good veter quality for marine life.

The Sesachachawater qudity monitoring stationsare as follows: Site 1: Deep
basin, norh sde of pond,dso referred to as Quidne north correr, Site 4: Deep basin,
south 9de of pond dso referred to as oyder bed outh corne, Site 5: Andillary pord
west sde of pond noton map. These locationsare designaed onMap #1.

Sesachacha Pond Monitoring Results:
Appendix A: containsal physca and chemical water qudity data. Appendix

B: containsthe averages of A with correspondng dharts. Appendix C: containsaverage
monthly rainfall for 2006 as collected bythe Nantucket Water Conpany.



Temperature and Dissolved Oxygen:

Temperature and dissolved oxygen are often dosely related, and inversely
proporiond. The solubility of oxygen inwater is very dependant on hetemperature,
and will decrease as temperaturerises. Dissolved oxygen (D.O.) is dso dfected by
nutrients, and the biological oxygen demand (BOD) of decaying plant or anima matter.
As nutients increase, phybplankton and macro dgae increase proportonaely. These
plants have ardatively shortlife cycle, and when they die and snk to the bottom, they
are conaumed by bacteria. These bacteria conaume oxygen, and may lead to anoxic
events. When this occurs, nutients are released from the sediments, and a proaess
known as Onternd recyclingObegins  The proaess of eutrophication may occur returaly,
but a Sesachacha Pond t is accelerated by anthropoge@ic uses.

Temperature in the pond folows awell deiined bdl curve, as expected, fising in
the spring and droppng offin thefall. Sesachachais not very deep, and kecause of its
shape, it isvery well mixed. For these reasonsit is predominantly isothermic at all
stationsand deoths The D.O. follows a convase image of temperature, (Hgures 1, and
2), except for Site 5, which is connected by anarow and hdlow tributary, and largely
influenced by fresh water inputs. Temperatures pesk at an average of 26.3YC at Site 4
during the Augug sampling round 88/2006. A fish kill occurred the day prior, in which
approximately 24 winter flounder were seen on te Quidné beach; blown up on henorth
east corna of the pond, bya south west wind. On this day the near shorewater
temperatures were measured as high & 287C, or 82&. These high emperatures
combined with excessive nutient loadingwould have indued an anoxic event, thus
killingthe botom dwelling fish.

Theaverage D.O. was rdatively good hroughoutthe sampling peiod of 2006,
and onl onerecording wes taken that would indicate a stressed condtion for marine
animals. Thisis mog likely due to mixing of the pond by &olian conditions typical on
Nantucket, and the shape and relatively shdlow depth ofthe pond However, the batom
at Site 4, in Augug, recorded avdue of 1.86 ng/l, (Appendix A). Low oxygen events
were aso recorded on te botom a Site 5in luly and Augug, droppihg to hypoxtc
conditions These conditionswould be expected to worsen during the nighttime hours
when apeiod of respiration would occur. This basically is the opposte condition of
phobsynthesis, where plants, a night with outsunlight consume oxygen raher than
create it in orde to maintain thar metabolic proeesses. During the September sampling
round, he bottom conditionsat Site 4 were agan poor, ecordng ahypoxic D.O. level of
3.09 ng/l. All other recordingsdid notdrop bdow 4 ng/l. These anoxic and hypoxc
conditionscan beattributed to the high temperatures, the highlevel of nutients entering
the pond fromthe watershed, and the pooropeningsin 2005. A fish kill could dmog be
expected in 2006 vhen calculating the lack of exchangewith ocean waters, in the spring
opening of 2006 and when congdering the nutrient loading fromthe watershed. Salinity
and nutients are also dgpendant factors and will bediscussed in later sections



Figurel: Average Temperature 2006
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Figure2:
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Salinity:

Sesachacha Pond has been designated to be maintained as a salt water pond
Because of its geomorphic features and watershed rdio, the pondOsleep basinsare
capable of retaining ahighlevel of salinity. However, if not propely maintained by

prolonged openings its health will rapidly deteriorate. Marine fisheries are susceptible to
changes in salinity, and many ecies have varying slinity regimes throughoutheir life




cycle. Water qudity declines rapidly in this pondwhen an ope exchangeis not met for
at least aweek. Successive years of pooropeningslead to afish kill inthe summer of
2002 and againin 2006 Thesdinity in the pond fom ©99d O01 haan average below
15 parts pea thousnd (ppt). A repdtition of less than adequate openingshas occurred
agan from 0040 O06 On 11/7/2006 hefind recorded average salinity in the pondhad
decreased to 15.5 ppt

Salinity in the pondis representative to the health of thepond A higher salinity
isindicativeto bdter water qudity. Lower salinities reflect poa openings with less
exchangeto the ocean. Thislack of exchangeadso leadsto abuild up of nutients, which
then cause a further declinein water quality. An exceptionally good ogning in the
spring of 2003 keot the pond oen for gpproximately amonth. This high slinity, above
25 ppt was maintained fortwo years, butstarted to declinein 2005. An appreciably head
volume prior to an ope&iing in the spring eems to bethe deciding factor whether these
openingsgo well or not Fal openingshistorically have not been auccessful dueto the
lack of precipitation in summer months In 2005 here was an extra winter opening,
which decreased this spring volume for 2006, coincidentally the pondhas freshened
consderably.

When sampling began in April the salinity was 17.8 ppt, following the opening
on 427 it had increased dighty. However, being ope for only five days did na alow
for prope exchangewith the ocean, and amonth later the recorded salinity was only 18.3
ppt which did na hold for long. Salinity remained in adow steady decline througlout
the summer, with highe than usud precipitationin May, Juneand duly; approximately
16.8Cof rain. Site 5, added in 2006 beause of its suspected influence had the largest
dropin slinity followingthe opening in May, with arecorded vdue at 0.8 ppt This
nearly complete freshening indcates a srong groundwter intruson fram the watershed
assodated with this portion of hepond. fgood exchanges are notmet, salinity will
decrease, nutrients will increase and water qudity will decline.

Figure3: Average Salinity 2006
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Ranfall:

Averageranfall was collected by he Nantucket Water Conmpany, and $iows
congderable precipitation throughouthe summer. As previoudy discussed ranfall
directly affects volume and slinity in the ponds It aso dfects the amountof nutients
that are carried in groundvater flow from watershedsto ther assodated water bodes. As
anthropogeic uses increase, ranfall becomes an important factor in ddermining weter
qudity.

Figure4: Average Monthly Ranfall 2006
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Secchi Depths

Secchi disk depth recordingsare a quick helpful test in measuring water clarity.
Water trangparency will indicate the amount of phybplankton, dgae, and nurients
availablein thewater column. Thedisc measures onehdf thevisible light penetrating
thewater column. When youcombine this information with the bathymetry of any given
water body, you en roughly define aguatic plant growth boundries. Because of
Sesachacha PondOsalinity problems, and poorwater qudity, it has a relative low
abundance of submerged aqudic vegetation. Secchi disk depth recordingsrefl ect this
condiion. Also, the salinity appearsto be too high to maintain fresh water pond weeds,
and o low to supporteel grass. With nutient levels as high as they are, Sesachacha has
become a phytoplankton doninant ecosystem.

Secchi disk depths are onaverage very low in this pond. Thisis primarily due to
theintengty of phytoplankton produwtion, which is theresult of high nutrient levels.
Depthsin 2006 vere never recorded morethan 30, iad beyan a 1.5Git all sationsin
April when sampling wes initiated. As readily available nutrients like nitrate dropped
off, secchi depthsdroppel even further. This action of gankton prodwationalso
coindides with warming temperatures in May, reveaing the lowest recorded depth at 10 ta



al gations Heavy precipitation throughat the summer may also have affected pankton
produdion, resulting in changes in communities which prefer fresh to st water
conditions As these domnant communities changebased on slinity regimes, the
preferred nutients used will dso change A fresh water system is limited in prodiction
based upon he availability of phoghorusin the system. This relationship can be seen &
Site 5, which experienced the greatest salinity and scchi disk depth changes. Nutrients
in alarge pat affect these changes, and will bediscussed further in the next section.
However, thisis why flushing of the pondwith agood echangeof st water is so
important in maintaining water quality and darity. In 2004 $cchi disk depthswere
better, and reached 8Gind 7@pahsin May, and ine  Thisrelates congderably with the
favorable openingsthat occurred in ©02nd ©04, tven the pond $ayed open longer and
experienced a beter exchangewith the ocean.

Figure5: Secchi Depth 2006
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Nutrients:
Nitrogen:

Sesachacha Pond s a salt water pond, &d as such it is limited by nirogen with
respects to nutients and gdant growth. Nitrogen levelsin the pondare exceedingly high.
When sampling bagan in April, total nitrogen levels already exceeded a gate of
significant impairment, (@ or >700 ppbTN, as defined by recent SMAST sudies). In
fact TN levels were recorded well over 1,000 ppb(Figure7). Tota nitrogen is comprised
of inorganic nitrogen, or ntrate (NO3), nitrite (NO2), and Kjeldhal nitrogen (TKN),
which indudes ammonia (NH3); both components of organic nitrogen. NH3 sampling in
years past was dways bdow the reportable limit (100 ppb) so for 2006 he detection
limit was lowered to (20 ppb),(Appendix A). NO3 is commonly assodated with
chemical fertilizers, and TKN is mog often assodated with decaying matter, and septic



effluent. TKN takes longe to bresk down, and 9 is not as readily available for plant
produdion & NO3. Because of this, TKN is more easily detectable, and reportable in a
chemical andysis. Asauch it isthe predominant contributor to the reportable levels of
nitrogen in TN.

TN concentrationsfollowed ahigh and geady pdtern throughouthe summer,
with acouple of upward gikes in July and Sgptember, and acomplete dropin October.
Thefirst and Hghest spike occurred & Site 1 in July, reaching 1,780 ppb. e TN values
are largely made up fran the TKN values, and the two grgphsmirror each other well,
(Appendix B). The second pike oacursin September, however thistime thevalues are
extremely highat al gations July and Augug are coincidentally the months of pesk
vigitation o the island. This September spike in TN is mog likely the result of anoxia
occurring on he bottom during Augud. TheD.O. on hebotomat Site 4 in Augug was
1.86 ng/l (Appendix A). Thiswould notonly have resulted in a fish kill, butwould have
led to alargerelease of nutients from themud on hebotom. The effect would initiate a
recycling proess of nutients into the water column, creatinglarge phytoplankton
bloonms. Thetemperature drop n October combined with achangein anthropogenic
uses, i.e. drop in residents in thearea undaubtedly led to ahuge drop n available
nutrients in the water column. The temperature changemay dso have led to achange
ove of donminant phytoplankton gecies, which for atemporay period would hdp to
drop available nurients. However as theemerging phytoplankton gecies take up
nutrients, the pre-existing gecies would be dying off aeating a whole new source of
available nutrients; as seen in the November sampling round (Aopendix B).

Nitrate NO3, was initialy very high in April at Ste 5 when sampling beyan
(Figure6). Becauseit is s0 readily available for plant produdion, hethreshold
concentrationtha leadsto impairment ismuch lower than tha for TN. Eutrophic
conditionsbegin to occur when nitrate levels reach 70 ppb. $te 5was 80 ppbabowe this
mark when sasmpled 4/11, buthad droppel bdow 50 ppb éong with the other stesby
May. NO3 levels remained low or bdow the reportable limit (10 ppb)for mog of the
sampling peiod. However there was shap increasein lly at all gations Mod likely
theinflux of summer residents, the use of fertilizers, would have had an influence on the
system by thistime. Also, the spike in July would likely have been dfected by the
freshening of the system as aresult of precipitation (Fgure 4). Amaximum level of
uptake of nutiients for phybobplankton prodiction may have been met, which dso would
have led to an excess of nutientsin the water column & this time of sampling.

In Augug the NO3 levels at all dtes dropped to congentrationsbdow the
reportable limit (BRL). There are severa possible hypotheses for this occurrence. Either
thenitrate in the system was used up, adno nore was comingin. O morelikely, with
temperatures rising, plnt produdion hal increased to a level, such tha the nitrate in the
system was beng ugd asrapidly asit entered the system. There is adight reboundof
available NO3 in September, probably theresult of continued activity in and aoundthe
watershed. However these numbers are below the values suggested for eutrophic
conditions The following sampling rourdsin Octobe and November are (BRL), and



<10 & dl gations( Appendix B ); being theresult of the decrease in anthropogenic uses
on thelsland, axdthe drop n temperatures.

Figure6: Nitrate 2006
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Figure7: Total Nitrogen 2006
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Phogphorous

Sesachacha Pond s now beang maintained as a salt water pond, ad as such
phytoplankton growth will belimited by ntrogen ingead of phoghorous However,
when poor opeingsoccur, and slinity levels drop, phophorousmay become the



limiting nutient to fresh water phytoplankton. Itis suggested that for fresh water pands
aeutrophic condition will begin to occur when TP levels exceed S0ppb. Water qudity in
Sesachacha has been best when salinity levels have been maintained above 24 ppt (Town
Biologist Reports). It may be tha at this high level, the growth of fresh water species of
phytoplanktonis prohbited, or d least restricted by nitrogen limitation.

When sampling began in April 2005 TP levels were already high, 170 pph 182
ppb and 197at Stes 1,4, and 5respectively (Figure8). Followingthis sampling period,
salinity began decreasing, as fresh water inputsincreased, with 16.8Cof precipitation
from May through dily. When TP was sampled in July it had decreased bdow the
reportable limit (BRL) a Sites 1, and 4, lut remained highat Site 5 (240 ppb) Based on
salinity readings Site 5 has major fresh water inpus, and © may beconddered a
temporay fresh water system, with phoghorousmaintaining the limiting bdance on
dependant species. As such, TP concentrationsremain high throughot the sampling
period. However a Sites 1 and 4,the fresh water inputs may have excited a phoghorous
limited phytoplankton bloom, which had in turn reduced thelevel of TP in the system by
the July sampling peiod. Where themain pond (Sites 1 and 4)are predomnantly
nitrogen limited, salinity changes excite phoghoroususe. The andllary pond (Site 5)
has awell established community of phoghorousutilizing gecies. This makes the
ingantaneousuptake of TP more likely to happen in the main pond, han theandllary
pond. Thisthen accounts for the sudden dropsin TP in themain pond, ad geady trends
in theancillary pond.

In Augug there was an anoxc event that resulted in the death of approximately
two dozn winter flounde. This event caused by the existing eutrophc conditionsand
the high water temperatures, dso caused the release of nutients previoudy bound p in
the benthic soils. The recorded highsin Augug were 320 pph and 38 ppb a Sites 1,
and 4respectively. At theselevels, TP was seven times higher than necessary to induce a
eutrophic condition. At thislevel it would mog likely benegatively affecting any
system, fresh or @it because of nitrogen phophorousratios. In September it is
interesting © not adramatic dropin TP, coincading with adropin precipitation, with
only 0.760recorded. The phophoroustha was released in Augug was mog likely used
up. Thisis shown when secchi disk depths dso droppel in Augug showing another
phytoplankton Hdoomto occur. Ste 1 decreased its secchi disc recording to a summer
low point of 1.50@but showed continud improvement from September to the end ofthe
sampling peiod. TP levels however rebounded to eutrophic condtionsin Cctobe, and
remained high throughto November. It would then gopear that the two dramatic drgpsin
TP, in July and September are the result of pod affected conditionsinduced from heavy
precipitation in Juing andan anoxc eventin Augud. Contibutionsof phoghorousare
likely coming fram septic systems and fertilizers originaing in the Quidnet area to the
north, fertilizers from the cranberry bogsto the west, and fatilizers from the gdf course
to the south; as well asinternd recycling, and amospheaic loading.



Figure8: Total Phophorous2006
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Condusons

Thewater quality of Sesachacha Pondappears to beentirely dependant onthe
success or falure of the bi-annud openings. Water qudity improves when prolonged
flushing ocurs and agoodexchangewith the ocean results in ahigher salinity in the
pond. However theincreased nutrient loading fromthe watershed, and recycling of
nutrients during anoxic events have degenerated water quality to ahyper-eutrophc date.
When slinity levels greater than 24 pp. ae notmaintained, and subgantial flushing does
not occur, this salt water habitat declines rapidly. A declinein habitat, and an example of
the poor ondition the pond &in, can beseen by he pondOphytp ankton daninant
plant community. High nutients, low dissolved oxygen levels, and fish kills will
continueto occur if the pond & not propely flushed. If the future health of the pondis to
beimprovel, alternaive long erm methods of mitigation sould besoughtafter. Thisis
because successful openingscan never be guaanteed, &s there are too many variables
outside our ontrol. Actionsthat should be initiated would indude redudionsin fertilizer
use, improved methodsof filtration for sptic systems, and control of gormwater runoff.



