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Skinequit Pond is in the southeast corner of Harwich, Massachusetts (Figures 1 and 2).  The 
watershed map was generated by WRS from general information on topography and groundwater 
contours and is approximate. The direct, potential surface drainage area covers 47 acres, mostly 
northeast of the pond. Land use in this direct drainage area is residential and forested wetland, the 
latter formed from a cranberry bog that went out of service by the early 1960s. Surface runoff is 
likely to be a minor source to Skinequit Pond, given sandy soils and limited storm water drainage 
systems.  
 
The larger groundwater drainage area is mostly north of the pond and is a function of the Monomoy 
aquifer lens. The groundwater drainage area is largely residential with some undeveloped land. 
The actual distance groundwater might travel to reach the pond is potentially further, extending all 
the way up to Rt 6, but the area shown is the subsurface drainage area most likely to have any 
possible impact on the pond. Even then, many contaminants (including phosphorus but not 
nitrogen) are removed from groundwater by soil within a few hundred feet of the input point. Some 
mobility is expected for almost all contaminants, but the process is very slow.  
 
Watershed influence on Skinequit Pond will decrease dramatically with distance from the pond. 
Of greatest historical concern is the now defunct cranberry bog which operated for decades at a 
time when environmental controls were limited to absent. The load of organic matter and nutrients 
to Skinequit Pond was likely large for many years. The likely scenario is that water was pumped 
from the pond to irrigate and flood the bog. Irrigation water would not have typically returned to 
the pond, but flood waters would have gone back to the pond with high quantities of organic matter 
and nutrients. The bog occupied a little over 9 acres, half the area of the pond, so a typical harvest 
flood event would have involved only about 5-7% of the pond volume, not enough to have a major 
impact in any one year, but the load mostly winds up in the sediment and that eventually creates a 
serious oxygen demand and internal phosphorus loading problem. Aside from minor lawn and 
road runoff and inputs from nearby on-site wastewater disposal systems, there is little in the current 
watershed that appears to represent a threat to Skinequit Pond. The problems of recent decades 
appear to be a function of legacy inputs. 
 
Skinequit Pond covers 18 acres with a maximum depth of 32 feet (Figures 3 and 4). Figure 3 is 
from the 2003 Cape Cod Pond and Lake Atlas while Figure 4 is from an unknown source but was 
found online. Another map was developed by WASH members and is similar to Figures 3 and 4, 
just with less smooth contour lines. All bathymetric maps indicate a classic kettle hole, bowl-
shaped pond. Maximum depth may be less in 2022, as a consequence of ongoing organic 
sedimentation in the pond but is likely still at least 30 feet.  
 
The distribution of area and volume over pond depth (Figure 5) indicates a moderately uniform 
decrease in area as depth increases and a total pond volume of 260 acre-feet (11.3 million cubic 
feet, 321,000 cubic meters, 85 million gallons). Dividing volume by area, the average depth of 
Skinequit Pond is 14.5 feet (4.4 m). The pond appears to stratify between 10 and 13 feet of depth 
(3-4 m), so the upper layer in summer has a volume of about 165 acre-feet (63%) while the bottom 
layer has a volume of about 95 acre-feet (37%). 
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Figure 1. Skinequit Pond area of Harwich, MA 
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Figure 2. Skinequit Pond and its approximate surface (green) and groundwater (red) 
drainage areas 
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Figure 3. Skinequit Pond water depth contours from pre-2003 
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Figure 4. Skinequit Pond water depth contours from an unknown source accessed in 2022 
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Figure 5. Skinequit Pond depth vs area (upper graph) and volume (lower graph) 
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Sediment features of Skinequit Pond are likely to be very important to its condition and 
management. The Cape Cod Pond and Lake Atlas from 2003 notes high organic content of the 
pond and its sediment but provides no details. With fairly steep slopes, it was expected that organic 
matter has been focused into deeper water, and that is indeed the case. On the Cape we typically 
find that soft, organic, oxygen-demanding, P-rich sediment becomes dominant somewhere 
between 15 and 20 feet of water depth, but it can vary, and site-specific investigation is needed. 
The quality of the sediment is also important and is unknown for Skinequit Pond. Sediment 
conditions were examined in early April of 2022. 
 
Visual assessment with an underwater video system and over 60 measurements with a 30 ft metal 
probe within the pond were performed to determine where the sediment transitioned from sand to 
organic muck and how deep the 
at which organic sediment is consistently >2 inches deep, occurred at 12 to 14 feet of water depth 
(Figure 6), with 10.5 acres of the pond (58%) covered by organic sediment. The peripheral, 
shallower area was mostly sand with some gravel and a few rocks.  
 
The area of the pond covered by at least 1 foot of organic sediment was 8.2 acres (Figure 7) and 
the area covered by at least 2 feet of organic sediment was 6.5 acres (Figure 8). Organic sediment 
depth increases rapidly at that point, with a depth of >6 feet achieved over 5.7 acres of pond area 
(Figure 9). It appears that Skinequit Pond was a steeply sloping kettlepond when the stranded ice 
block that formed it melted, and that it has filled substantially with organic sediment over the last 
10,000 years.  
 
Combining data along transects from the N, S, E and W, organic sediment depth profiles are 
developed (Figure 10). Note that the horizontal scale is not identical in these graphs; the distance 
from shore at which an organic sediment depth of 6 feet is achieved varies, with the N and W 
transects dropping off more steeply than the S or E transects. Using the data to calculate the volume 
of organic sediment (Table 1), the horizontal layers of soft, organic sediment are provided. There 
are approximately 68,500 cubic yards (cy) of organic sediment down to the point where the 
sediment thickness is 6 feet. Beyond that depth, the sandy underlayment could not be reached, so 
we do not know exactly how thick that last layer is, but assuming a thickness of 4 feet, this adds 
11,600 cy for a total of more than 80,000 cy. The pond volume is about 420,000 cy, so about 16% 
of the pond has been filled since it was formed.  
 
Sediment samples were collected from four locations (Figure 11), designated as N, S, E and W, 
based on the perceived features of the sediment accumulation. Samples were collected to a depth 
of 10 cm, the maximum depth that typically interacts with the overlying water, Sediment was very 
dark and loose, with surficial patches of brown to orange iron deposits, indicative of high organic 
content, high oxygen demand, and substantial P content (Figure 12). The probe sank easily in these 
sediments to the sandy interface with the softer organic sediment or until the maximum length of 
the probe (20 feet) was reached.  
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Figure 6. Skinequit Pond organic sediment depth >2 inches 
 

 
 

Figure 7. Skinequit Pond organic sediment depth >1 foot  
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Figure 8. Skinequit Pond organic sediment depth >2 feet  

 

 
 

Figure 9. Skinequit Pond organic sediment depth > 6 feet 
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Table 1. Sediment volume calculations for Skinequit Pond 

 

 
 

Figure 11. Skinequit Pond sediment sampling sites  
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Another key physical feature is often discussed with water quality, but the clarity of the water, 
usually expressed as Secchi Disk Transparency (SDT) is an integral feature that is affected by 
physical, chemical, and biological processes and is often what people most easily relate to overall 
lake quality and utility for various uses. High clarity is prized but can be reduced by many factors, 
some completely natural and some induced by human influence. Cape Cod ponds rarely have 
clarity >20 feet (6 m) as a function of natural water color (humic and tannic substances in the 
water), but without algae blooms Cape Cod ponds typically have SDT readings between 3 and 5 
m. 
 
The Cape Cod Pond and Lake Atlas from 2003 reports clarity in Skinequit Pond of 6.6 ft (2 m) 
from 2001 and notes that a survey in 1989 exhibited similar conditions. The average of all values 
collected as part of PALS monitoring since 2004 is 4.3 feet (1.3 m) and SDT has routinely fallen 
into the poor category (Figure 13). Clarity was at its best in 2007 and 2009 but never exceeded 10 
ft (3 m). The low clarity has been identified as a function of algae blooms, particularly 
cyanobacteria. The consistently low clarity of Skinequit Pond is striking and indicates chronically 
elevated nutrient levels. The solar powered circulator installed in 2007 has not significantly 
improved clarity based on the available data.  

 

Figure 13. Skinequit Pond Secchi disk transparency 
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Alkalinity and pH have been routinely assessed in Skinequit Pond during PALS surveys and both 
are unusually high for a Cape Cod pond. The pH has averaged 7.7 standard units (SU) with a 
median of 7.3 in surface waters, with bottom water less basic at a mean of 7.0 and a median of 6.7 
SU. Alkalinity has average 26 mg/L in surface waters and 65 mg/L in bottom waters. Values for 
pH and alkalinity are likely to be biologically mediated in Skinequit Pond and not a function of 
some unusual geology. Excessive algal production raises both pH and alkalinity on a temporary 
basis. As pH is on a logarithmic scale, such that a 1 SU change represents a tenfold shift in 
hydrogen ion concentration, the fluctuations in the pond are not conducive to the healthiest aquatic 
system. 
 
The thermal and oxygen regime of a pond is fundamentally critical to its condition. For ponds 
deeper than about 20 feet, some thermal stratification is expected during summer, a function of the 
influence of solar heat input and mixing by the wind. Most ponds stratify between 15 and 20 feet 
of water depth, although with more algae in the water the light will penetrate less and a shallower 
depth of stratification is possible. Such appears to be the case for Skinequit Pond, with 
temperatures declining below about 10 feet of water depth during summer (Figure 14, displaying 
a selection of August profiles since 2006).  
 
The temperature decline is gradual, so there is not a sharp inflection point that would define the 
boundary between upper and lower water layers (called the thermocline), but there will be little 
mixing of water shallower than 10 ft (3 m) with water deeper than 13 ft (4 m) during summer. That 
stratification breaks down in the fall as the air and water surface cool. Thermal gradient is generally 
limited over the winter but is re-established in late spring, leading to stratified conditions between 
sometime in June and sometime in October or even November. The relatively deep maximum 
depth for the small area of Skinequit Pond limits wind mixing and aids earlier stratification and 
later destratification. 
 
The thermal stratification isolates the bottom layer (called the hypolimnion) from the upper layer 
(called the epilimnion). This is important as oxygen enters the pond from the interaction of the 
surface with air and is mixed throughout the epilimnion by wind. In the hypolimnion the amount 
of oxygen available at the time of stratification is not augmented by ongoing atmospheric inputs 
and there is not enough light for rooted plants or algae to photosynthesize and add significant 
oxygen, but decomposition continues to consume oxygen. In many lakes this imbalance leads to 
depression or depletion of oxygen in the deeper water layer. Where excess organic matter has been 
loaded to the lake the oxygen demand will be higher and the probability of oxygen depletion will 
be greater. Skinequit Pond has suffered oxygen depletion below a depth of 20 feet (6 m) since at 
least the 1980s and often experiences oxygen depletion at a depth as shallow as 13 feet (4 m) 
(Figure 14). 
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Considering just the last two years of data (Figure 15), oxygen is depleted at 20 feet (6 m) of water 
depth in June or July and at 13 feet (4 m) in August or September. Data from 2020 and 2021 appear 
to capture the overall variability observed in the data since 2003. Despite a range of time over 
which oxygen depletion (called anoxia) is observed, conditions in the pond have been routinely 
poor. It does not take too much time without oxygen for many problems to develop. 
 
The volume of Skinequit Pond deeper than 20 feet is 29.3 acre-feet (11% of pond volume) while 
the volume deeper than 13 feet is 84.1 acre-feet (32% of pond volume). Low oxygen has been 
observed as shallow as 10 feet (116.2 acre-feet or 45% of pond volume). Anoxia over more than 
about 10% of the area of a waterbody usually results in water quality issues and greatly increases 
the probability of algae blooms. 
 

Figure 15. Skinequit Pond oxygen profiles from 2020 and 2021 
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The rate of oxygen loss, or oxygen demand, expressed in the hypolimnion as oxygen is depleted, 
is a useful measure of the severity of degradation and allows calculation of oxygen needs if that 
demand is to be satisfied. As the loss of oxygen is not linear at low oxygen levels (it is harder to 
get that last bit of oxygen out of the water) and cannot decline below 0 mg/L, measurements during 
summer are not useful in assessing the hypolimnetic oxygen demand (HOD). The easiest way to 
assess HOD is from spring oxygen data, from a time where oxygen levels are still high but 
declining in deeper water.  
 
There are very few spring temperature and dissolved oxygen profiles for Skinequit Pond, however. 
Only five spring profiles were available, and all but two included oxygen values <2 mg/L, the 
point at which oxygen loss greatly slows and the calculation becomes less valid. Using data from 
all five available profiles, the range of HOD is 0.19 to 1.86 mg/m2/day (Figure 16), but only the 
1.72 and 1.86 mg/m2/day values meet the criteria for valid calculation. Further, HOD will increase 
with temperature and the spring data need to be adjusted to account for higher HOD during 
summer. HOD in Skinequit Pond is estimated at between 2 and 3 mg/m2/day.  
 
HOD of >0.5 mg/m2/day will usually result in some anoxia by late summer, while HOD >1 
mg/m2/day will usually produce anoxia by mid-summer and HOD >2 mg/m2/day will yield anoxia 
near the start of summer. Skinequit Pond exhibits late spring to early summer anoxia at >20 feet 
and full hypolimnetic anoxia by mid- to late summer. This is consistent with a high HOD value. 
The anoxia caused by oxygen demand at the sediment-water interface has a number of negative 
consequences, including release of phosphorus bound to iron. The movement of phosphorus into 
the water column from the sediment supports algae blooms.  
 

Figure 16. Skinequit Pond oxygen demand estimation from spring data 
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The manifestation of elevated phosphorus in the water column is algae blooms that reduce water 
clarity. Already demonstrated from SDT measurements (Figure 13), the abundance of algae is 
further documented by chlorophyll-a measurement (Figure 17). Chlorophyll-a is a photosynthetic 
pigment common to all algae, although the amount per unit of algae biomass varies among algal 
groups, so it is not a perfect representation of algal mass. Yet values <2 µg/L are considered low, 
values up to 8 µg/L are rarely problematic, values between 8 and 12 µg/L may produce impairment 
of uses depending on the types of algae present and values >12 µg/L usually do impair uses.  
 
Most chlorophyll-a values from Skinequit Pond are >12 µg/L and many are quite high. As 
cyanobacteria tend to be dominant during summer and have the highest biomass to chlorophyll-a 
ratio among algae, conditions are likely to be worse than the chlorophyll-a data suggest. The data 
in Figure 10 are just from the upper 3 feet or so of Skinequit Pond; values from deeper water were 
routinely higher. It is possible that some of the deep water chlorophyll-a was in dying algae or was 
actually organic matter that can fluoresce at the same wavelength as chlorophyll-a, but either way 
the organic load on the system is high and the elevated near-surface values are not just a matter of 
buoyant cyanobacteria being concentrated. Skinequit Pond is extremely productive, to the point 
where major system imbalances exist and energy flow among trophic levels will be very 
inefficient. This is not a case of high productivity being desirable for the sake of fish like alewife 
or water-dependent wildlife like herons.  

 

Figure 17. Chlorophyll-a concentrations in the upper waters of Skinequit Pond from PALS 
data 
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Phosphorus and nitrogen are the two most important nutrients for plant life, including algae. 
Phosphorus tends to determine the quantity of algae that can grow while nitrogen often determines 
which algae will do best. Many cyanobacteria are able to utilize atmospheric nitrogen gas that is 
dissolved in pond water, minimizing the importance of nitrate and ammonium, the two inorganic 
forms of nitrogen taken up by most plants and algae. As a result, cyanobacteria often become 
dominant at lower ratios of nitrogen (N) to phosphorus (P). On a mass basis, an N:P ratio of <10:1 
will favor cyanobacteria while ratios >20:1 will tend to favor other algae, most notably greens 
(Chlorophyta). In between is a transition zone. Yet as P tends to set the upper limit on algal 
biomass, it is the concentration of P that warrants the most attention. 
 
P concentrations in Skinequit Pond are usually elevated in the upper water layer (Figure 18) and 
are extremely high in the lower water layer (Figure 19). Concentrations <10 µg/L are desirable, 
but concentrations up to about 20 µg/L are usually tolerable without severe algae blooms. Once 
the concentration exceeds 25 µg/L blooms become far more likely, and once the concentration is 
>100 µg/L it is unlikely that P will limit productivity. Light often becomes a limiting factor, as 
dense algae assemblages, especially buoyant cyanobacteria that form surface scums, will restrict 
light penetration and limit growth beyond the upper few feet of the water column. 
 
The very high P concentrations in the deeper water are not a major problem if that P remains in 
deeper, darker water. If Skinequit Pond was a lot deeper and there was an oxic zone between the 
dark, P-rich water and the boundary with the upper water layer, that P would be largely unavailable 
to algae. But in Skinequit Pond the anoxia extends to the boundary at least in late summer and 
some mixing is likely to bring deeper water rich in P into the upper water. Even if stratification is 
strong enough to minimize that mixing, light penetrates to about the boundary and algae can grow 
there, getting just enough light from above and ample P from below. Further, some cyanobacteria 
grow at the sediment-water interface at intermediate depths making use of P as it is released from 
the sediment and getting enough light to grow until they form gas pockets within cells and become 
buoyant. There are multiple ecological strategies within the algae and having high P in deep water 
is likely to produce blooms at least some of the time. 
 
Additionally, while some N is released from sediment that is releasing P, the ratio tends to be low 
(<10:1), thereby favoring cyanobacteria. Most watershed inputs enter with high N:P ratios and 
lakes with strong and persistent cyanobacteria blooms are justifiably assumed to be subject to 
substantial internal loading. The N:P ratio in the upper waters of Skinequit Pond averaged 20.5 
over the last two decades, seemingly favorable to non-cyanobacteria, but the N:P ratio in the deeper 
waters averaged about 8, solidly favoring cyanobacteria. Cyanobacteria growing near the 
thermocline or on sediment at intermediate depth then becoming buoyant and rising to form 
surface blooms is the likely dominant mechanism of bloom formation in Skinequit Pond. 
 
The P that is being recycled in the pond ultimately came from the watershed, but poor conditions 
no longer depend on continued watershed inputs. This is why some means to control internal 
loading is necessary in most lake rehabilitation projects targeting algae, rather than just managing 
the watershed.  
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Figure 18. Total phosphorus near the surface of Skinequit Pond from PALS data 

 

 

 

Figure 19. Total phosphorus near the bottom of Skinequit Pond from PALS data 
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The four surficial sediment samples collected in early April were tested in the laboratory for 
loosely sorbed P (usually a minor component), redox-sensitive P (mostly iron-bound P), P 
extractable by NaOH (usually a mix of aluminum- and iron-bound P), iron and aluminum in each 
of those fractions, sediment density, and sediment solids content. These tests allow an assessment 
of likely internal P loading and facilitate analysis of possible inactivation dosing. 
 
The results of testing (Table 2) indicate low density sediment with very high water content, high 
levels of iron-bound P, and a very high potential for low oxygen and elevated internal P loading. 
Loosely sorbed P was minimal, as is typical of Cape Cod sediments; this is P not strongly bound 
to any other element, and most P is indeed bound to iron, aluminum, or organic matter in these 
ponds. P associated with iron in the redox-sensitive (BD) fraction is high; values >100 mg/kg are 
a concern, valued >200 mg/kg are elevated, and values >500 mg/kg are very high. The north and 
west samples contained very high redox-sensitive P concentrations while the east and south 
samples had elevated levels, with very little aluminum in the redox-sensitive fraction (also typical).  
 
The NaOH extractable fraction is less sensitive to low oxygen and related redox reactions, but 
some of the iron-bound P in that fraction may be released, albeit gradually. This fraction usually 
contains much more aluminum that iron, but in this case the iron levels are not negligible and 
exceed aluminum in the north and west samples, so some significant release of P is possible from 
this fraction. Aluminum and iron are the most abundant metals in the crust of the earth, but iron is 
dominant in the sandy Cape Cod soils. When aluminum is at least three times the iron level, there 
tends to be little internal P recycling, but when iron is dominant, the potential for release of P from 
sediment exposed to anoxia is much increased. 
 

Table 2. Sediment quality for Skinequit Pond 
 

 
 
Using these data, the mass of P in the surficial sediment can be calculated (Table 3). Working with 
just the P that can be released under low oxygen conditions (redox-sensitive P), there is a range of 
2.1 to 7.3 g/m2 over the four samples and corresponding areas. Assuming those values are 
representative of each defined zone from which the samples were collected and assigning equal 
area to each (about 2.7 acres), the total mass of redox-sensitive P in the upper 10 cm or organic 
sediment in the pond is about 185 kg. Including the iron-bound P in the NaOH extractable fraction, 
the range among samples is 3.8 to 10.9 g/m2 and the total for the surficial organic sediment in the 
pond is 287 kg. The iron-bound P in the NaOH extractable fraction is unlikely to be released under 
low oxygen conditions, so the 185 kg estimate is a more reliable estimate of the P available to be 
released from sediment exposed to anoxia, but that is still a very high value.  
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It is uncommon for more than about 10% of the available P in the surficial sediment to be released 
in any one season of low oxygen (May to September in this pond), suggesting that 18.5 kg of P 
might be released in late spring and summer. Divided by the volume of the bottom layer of the 
pond in which P accumulates during the period of stratification, the concentration in that layer 
would be increased by about 156 µg/L. Divided by the total volume of water in the pond, that 
would yield a concentration of 58 µg/L, more than enough to support algae blooms. With a low N 
to P ratio associated with internal loading, cyanobacteria will be favored. 
 

Table 3. Phosphorus mass in surficial sediment of Skinequit Pond 
 

 
 

 
Limited biological data have been provided to WRS for review, but there are reports of various 
pond life, mostly from the WASH website. Previous reports, such as the Cape Cod Pond and Lake 
Atlas and other correspondence with knowledgeable parties indicate that the summer algae blooms 
are mostly cyanobacteria. Plankton samples collected in 2009, 2010 and 2011 by WASH and 
analyzed by GreenWater Labs indicate high concentrations of cyanobacteria, mainly 
Aphanizomenon gracile but also including Planktothrix agardhii, both potential toxin-producing 
species. Cell counts exceeded the MA guidelines for posting waterbodies as potentially hazardous 
for contact recreation. Green algae (Chlorophyta, with a substantial number of species) were a 
distant second in terms of abundance. Most other freshwater algae groups (e.g., golden algae, 
dinoflagellates, euglenoids) were present but not abundant in summer samples. 
 
Floating leaved plants, mainly water lilies, are found around the pond perimeter, but few growths 
at depths more than about 4 feet are expected due to low light. Older reports of possibly excessive 
vegetation may not be reliable, but if there were problems with rooted vascular plants, that suggests 
that clarity has been reduced and algae blooms have become more frequent and severe over the 
last three decades. At this point Skinequit Pond is dominated by algae, with cyanobacteria blooms 
common during the summer into autumn.  
 
No data on invertebrates was provided and we are unaware of any studies of insect larvae, mussels, 
snails, crayfish or other invertebrate life in Skinequit Pond. However, mussels, dragonflies, 
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mayflies, beetles and water striders have been reported from the pond. Zooplankton, tiny animals 
in the water column that eat algae, form an important link in the food chain but no data appear 
available. The strong anoxia at depths as shallow as 13 feet will be a limiting factor for benthic 
invertebrates, but many species could inhabit the shallower waters of the pond.  
 
Skinequit Pond contains a variety of warmwater fish species, including white and yellow perch, 
sunfish and catfish, although no survey data have been provided. The pond is known to host an 
alewife run in the spring and acts as a nursery for juvenile alewife for the summer. Data for 
numbers of adult alewife entering to spawn or juveniles leaving in the autumn have not been 
provided. It is believed that the stream leading from the ocean to the pond was constructed or at 
least altered to foster access. This is a valuable function, given the elimination of access to many 
ancestral ponds by damming, greatly reducing alewife production in coastal New England. 
However, alewife juveniles consume nearly all the zooplankton in a pond while present, limiting 
food resources for other fish that depend on zooplankton. Alewife provide an ample food resource 
for larger fish, but recruitment of gamefish in an alewife pond may be limited. The low oxygen in 
water deeper than 13 feet for some of the summer may also impact fish resources.  
 
Skinequit Pond is known to host many species of water-dependent birds, including gulls, 
cormorants, ducks, geese, ospreys, herons, and kingfishers. Reptiles known from the pond include 
snapping and painted turtles. Amphibians reportedly include green and bull frogs. No census data 
have been provided, but these are all wildlife that would be expected in a pond like this one. 
 
Examination of online records from the Natural Heritage and Endangered Species Program 
revealed no Priority or Estimated Habitat for protected species and no other indication of any 
biological resources present that would complicate management efforts. Regulatory agencies often 
impose time restrictions on activities when alewife are present, but actions are not usually 
prevented, just limited to certain seasons. 

 
No loading analysis appears available for Skinequit Pond. A simple analysis is provided here to 
provide a rough estimate of loading from potential sources and facilitate comparison of the 
magnitude of each. There are six potentially major sources of contaminants to lakes (Figure 20). 
For Skinequit Pond, the best available estimate for each is provided as follows: 
 Discharges - No permitted discharges are known for Skinequit Pond.  
 Wildlife - No data on wildlife resources have been provided, but if we assume the equivalent 

of 10 birds (ducks, gulls, etc.) present all the time (more likely 20 present half the time) at a 
typical input of 0.2 kg P per year, the total P input would be about 2 kg/yr. Some of this will 
be particulate matter that settles and becomes part of the internal load, possibly resulting in an 
overestimate of total loading, but it is a minor source overall.  

 Atmospheric inputs  Deposition is typically estimated at 20 µg/L in the total volume of rainfall 
falling directly on the target waterbody. At about 44 inches of rainfall on an 18-acre lake, that 
represents 82 million liters of water or about 1.6 kg P/yr. Some of this will be particulate matter  
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Figure 20. Sources of contaminants to lakes 

 
that will settle and become part of the internal load, resulting in a possible overestimate of total 
loading, but it is a minor and generally uncontrollable source. 

 Groundwater  Inputs of P via seepage should be nominal, but some movement of P into the 
pond with groundwater is possible.  
pond represent the primary groundwater interface area and is about 800 feet long. If we assume 
the sediment is sandy for at least 100 feet offshore, allowing inseepage, that is a seepage area 
of 80,000 square feet or a little under 2 acres. A high seepage rate, even for the Cape, would 
be 20 L/m2/day, so the roughly 7500 m2 area times 20 L/day for 365 days per year equals 55 
million L/yr per year. At a concentration of no more than 25 µg/L in groundwater that equates 
to 1.4 kg P/yr. Much of that P would come with high iron and precipitate out in the presence 
of oxygen, becoming part of the potential internal load and resulting in overestimation of the 
total load. 

 Watershed runoff  The sandy soils in the area limit runoff, but there are roads and lawns that 
may generate some runoff during significant storms. There are no permanent tributaries, but 
there was at least one storm drain historically and the drainage from the former bog has a 
channel of sorts, so some runoff will reach the pond. The generation of P from low density 
residential areas is typically between 0.3 and 0.5 kg/ha/yr. With a watershed of 47 acres, or 
18.8 hectares, that suggests an overland watershed P load of 5.6 to 9.4 kg P/yr. A more detailed 
analysis would be needed to support watershed management activities, but this range is suitable 
for general evaluation purposes, and an average of 7.5 kg/yr is offered. Much of this input may 
be in particulate forms that settle to the bottom rapidly and do not directly impact surface water 
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quality until transformed by in-lake processes and becoming part of the internal load. Again, 
some overestimation of total P loading may result. 

 Internal loading  There is a lack of multiple samplings over the course of one or more 
summers to evaluate the accumulation of P in the pond by direct measurement, but the available 
data do provide some insight. A typical upper water column P concentration would be between 
10 and 20 µg/L in this area. The average for upper waters of Skinequit Pond is 55 µg/L, but 
there are several very high values that skew the average and the median at 30 µg/L is a better 
representation of P in the upper part of the pond. The extra 10-20 µg/L are probably a result of 
deep water P getting into upper waters, so a range of 10-30 µg/L could be assumed to be the 
base P level in Skinequit Pond. The average deep water P concentration is 301 µg/L with a 
median of 289 µg/L, so either is a reasonable representation of typical deep water P. That deep 
water P, usually measured in late summer, is the result of P release from sediment exposed to 
anoxia. If we assume 300 µg/L minus a 20 µg/L base level, the concentration in the bottom of 
the pond increased by up to 280 µg/L over the period of anoxia. As the measures are made 
near the bottom and will decline as one moves upward in the water column, the actual average 
deep water concentration of P is probably about half the difference, or about 140 µg/L. The 
bottom layer represents about 95 acre-feet of water, or 118 million L. This suggests that the 
release of P from sediment exposed to anoxia is about 16.6 kg P/yr. The period of anoxia 
extends well beyond the time at which P was measured in virtually all years, so could be an 
underestimate, but algae are also settling from above and may increase the P concentration 
without release from sediment. An estimate of 16.6 kg/yr is suitable for a general evaluation. 
Note also that this input is all in the summer period, making it more important than other 
sources spread out over the entire year. 

 
Summing up these rough calculations, an approximate P loading tally can be generated (Table 4). 

Table 4. Estimated phosphorus load to Skinequit Pond 

 

 
 
While there can be considerable variation in each of these values, it is apparent that internal P 
loading is the largest source and is even more important by virtue of all being added during the 
summer and early autumn, the primary period of interest for controlling algae blooms. 
 
There are a series of empirical models that WRS has melded into a larger modeling approach to 
assessing inputs and concentrations of P. Application of this approach suggests that to get the P 
concentration observed in the surface waters of Skinequit Pond, the P load would have to be about 
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25 kg/yr. This is slightly lower than the estimate in Table 4 but recall the issue with overestimation 
due to several itemized sources contributing to the internal load, resulting in possible double 
counting of some loads. Without more detailed information on P concentrations at more depths on 
a more frequent basis there is no easy way to more accurately evaluate loading, but it is apparent 
that the load is high relative to what the pond can handle, and it is more than half internal P load.  
 
Using the modeling approach to determine what magnitude of loading would have to be achieved 
to reach an in-lake concentration of 20 µg/L, a load of about 11 kg/yr is derived. While the 
estimates are all approximate, it is apparent that the internal load would have to be much reduced 
to achieve the goal. No other source provides enough P to make a major difference and the internal 
load can be addressed several ways, all practical albeit potentially expensive. 
 
Given the apparent importance of the internal P load, refining that estimate is worthwhile. Another 
way to evaluate the internal load is through sediment P assessment, which was conducted in spring 
of 2022. About 10% of the iron-bound P reserves of the upper 10 cm are expected to be released 
in any given summer of anoxic exposure. By measuring iron-bound P in the surficial sediment, an 
estimate of internal loading was independently derived. 
 
Based on just the mass of redox-sensitive P in the upper 10 cm of sediment over the 10 to 11 acres 
covered by organic sediment, and assuming that 10% of that P is released in a summer, the internal 
load would be about 18.5 kg/yr, a reasonable match for the estimate of 16.6 kg/yr from deep water 
concentration change over the summer. Dividing the 18.5 kg by the volume of the lower water 
layer in which it accumulates, the concentration in that lower layer would be increased by about 
156 µg/L, a reasonable match for the 140 µg/L estimate derived from water quality data. The 
estimated internal P load of 16.6 kg/yr derived from water quality data may be slightly low but is 
still the dominant source in the pond. There is no way to achieve a desirable P concentration in 
Skinequit Pond without addressing the internal load. 
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Overview 

The primary issue facing Skinequit Pond is high internal P loading with subsequent algae blooms 
supported by the released P. Addressing the watershed load may be warranted, but the internal 
load must be addressed to minimize algae blooms and could achieve the desired conditions by 
itself.  There are four ways to minimize internal loading: 
 Dredge the organic, P-rich sediment from the pond  While technically the truly restorative 

approach, this is a highly disruptive, expensive technique that is difficult to permit in MA. It 
is worth consideration with an estimate of the quantity of sediment that must be removed but 
may not be affordable or feasible.  

 Selective withdrawal  By removing high-P water the P reserves in the pond can be eventually 
depleted. This has been attempted with some success in just a few lakes in New England and 
has required >20 years of enhanced withdrawal by either drawdown or pumping in those cases 
where improvement has been observed. In no case, however, was a P concentration <20 µg/L 
achieved and while cyanobacteria blooms were reduced, they were not minimized to the degree 
desired. With no way to draw Skinequit Pond down, the cost of pumping, and possible 
interference with alewife, this does not seem to be an appropriate approach for Skinequit Pond. 

 Oxygenate the pond to minimize P release from sediment  By keeping oxygen at >2 mg/L the 
iron will not release P and much of the current internal load can be prevented. However, with 
adequate oxygen there will be more decay of organic matter containing P, so some internal 
loading by that mode is to be expected. This would still represent a major reduction in P 
concentration in the pond and would greatly enhance habitat for fish and other aquatic life. 
There are two categories of oxygenation that can be considered: 
o Circulate the entire water column  by preventing stratification and continually mixing the 

water in the pond the oxygen concentration can be kept high enough near the sediment-
water interface to limit P release due to anoxia. The current circulator is moving water from 
a depth of only 8 ft and has no effect on the bottom water layer during stratification. A 
much deeper intake with more water moved would be necessary with the current approach. 
An alternative system in which surface water is pushed down is philosophically preferable, 
sending algae and oxygenated water to the bottom, but the risk of stirring up the bottom 
must be mitigated. The use of air to mix water by rising bubbles is actually the oldest and 
most reliable approach and could be applied. The downside of this approach is that 
whatever P is still in the water will be more available to algae. Destratifying circulation 
sometimes minimizes cyanobacteria blooms but does not result in especially clear water, 
as other algae that prefer mixed conditions can dominate.  

o Add oxygen to the deeper water layer without mixing the entire pond  This can be done 
several ways, the easiest being to release fine bubbles of pure oxygen near the bottom and 
have those bubbles be absorbed before they reach the thermocline and cause mixing. This 
requires about a 20-foot vertical run for the bubbles, which is not available in much of 
Skinequit Pond. The alternatives all involve some kind of chamber in which water is 
oxygenated and distributed back into the hypolimnion. The simplest of the chambered 
approaches involves a shore-based oxygenator that is currently being tested in Orleans, 
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MA. If developed to a successful degree, this would probably be the best choice for 
oxygenating Skinequit Pond.  

 P inactivation  By adding a binder that will hold P in the sediment despite low oxygen, the 
internal loading can be strongly curtailed. Aluminum is the most common binder applied and 
has been used in multiple Cape Cod ponds. Getting the right dose is critical and has not been 
easy to estimate, but there are now sediment tests that can be run to improve that process. 
Alternative binders such as calcium are not effective in low pH water and Phoslock with its 
active ingredient lanthanum is not yet approved for use in MA, so aluminum would be the 
logical choice for Skinequit Pond. Toxicity to aquatic life can be an issue during application, 
but with proper treatment that can be avoided; there have been no fishkills from aluminum 
treatments in New England in over two decades.  

 
Dredging 

There is no practical way to lower the water in Skinequit Pond, and in fact the pond would have 
to be drained entirely logical approach to sediment removal in 
this case is hydraulic dredging. A barge with an augur at the end of an intake pipe would stir up 
sediment that would be sucked into the pipe with pond water, creating a slurry that would be 
transferred to a containment area where the sediment would settle and the water would be returned 
to the pond. The key factors in assessing dredging feasibility are the quantity and quality of 
sediment to be removed. 
 
The quantity has been estimated as greater than 68,500 cy and probably around 80,100 cy, about 
what can be hydraulically dredged in one season. The sediment is highly organic with a low 
specific gravity and a very high water content. It can be expected to dry to a much lower volume, 
probably not more than 30,000 cy. If a containment area was built on 5 acres, one of which would 
be mostly berm to hold material in place, the remaining 4 acres of storage area would have to have 
sediment piled 12 to 13 feet high during the dredging process. That material would dry and 
compact down to <5 feet thick. A larger containment area would result in lesser depths of sediment. 
Finding an appropriate location close enough to the pond to allow pumping without multiple 
booster stations would be ideal. The former cranberry bog may offer some options, but as much 
of that area is now considered wetland, use as a containment area may not be allowable. 
Containment and final disposal areas would be a task for a proper dredging feasibility study. 
 
The quality of the sediment is a major factor in ultimate disposal. Massachusetts has stringent 
standards for handling of contaminated soil and sediment, and extensive testing must be conducted 
to determine if standards are met for any possible disposal proposal. The average concentration of 
several metals and hydrocarbons in Massachusetts lakes and ponds exceeds the unrestricted use 
standards, so dredged material may either have to be covered by clean soil or taken to an approved 
disposal facility, both increasing the cost of dredging. Testing usually involves one sample per 
1000 cy of dredged material at a cost of about $1000 per sample for all required testing. If we 
assume that 80,000 cy of sediment would be removed, the lab cost alone would be $80,000 just to 
find out how expensive disposal will be. Sampling, engineering, and permitting can be expected 
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to add another $100,000 or more, so a dredging project will cost on the order of $200,000 before 
a dredge is ever operating in the pond.  
 
The actual cost of dredging will vary with disposal options, including the distance material must 
travel for temporary and final disposal. A low end cost of $30/cy is typical in Massachusetts, with 
contaminated sediment often costing closer to $100/cy. For the 80,000 cy estimate of sediment to 
be removed, this suggests a dredging cost of $2.4 to 8 million, a rather expensive endeavor. Partial 
dredging may be an option if remaining sediment exposed by dredging has a lower P content. Only 
the upper 10 cm of sediment was assessed in this survey, and there does tend to be a decline in 
available P with sediment depth, but considerable additional sediment testing from core samples 
would be needed to determine if there is a sediment depth at which further removal is not 
necessary. This would also be part of a dredging feasibility study, during which core samples 
would be collected for testing. It is unlikely, however, that partial dredging at less than the total 
sediment in areas with <2 feet of sediment would provide adequate removal of P reserves. That 
suggests a sediment volume of about 36,000 cy and a dredging cost of $1.1 to 3.6 million, still a 
very expensive approach. 
 
Oxygenation 

WASH and the Town of Harwich have had a SolarBee circulator in place for 15 years now and 
the pond has not improved to the desired extent. Some shift in algal types appears to have occurred, 
but the phytoplankton are still dominated by potentially toxic cyanobacteria much of the summer 
and P concentrations are still excessive. Circulation of the entire water column has some limited 
potential to improve pond conditions, but circulation of just the upper water column is not expected 
to solve the problem and has not after 15 years of use. It is hard to admit failure when a group has 
spent considerable money on an approach, but the data simply do not support any conclusion of 
success from the circulation approach applied. There is a growing base of literature that has found 
similar results elsewhere, and a review of 16 upward pumping circulator approaches and projects 
(Wagner 2015) found that 2 met water quality goals, 6 did not, and 8 provided partial achievement 
of goals. The Skinequit Pond SolarBee effort may fall into the partial achievement category but 
has not achieved the stated goals. 
 
As described above, circulation of the entire water column offers greater potential for success but 
also carries greater risk of worsening conditions if the circulation does not result in adequate 
oxygen near the bottom throughout the period of stratification. It is very difficult for whole lake 
circulation systems to maintain mixed conditions as the summer proceeds, as the water gets 
warmer and warmer (not that heat is not dissipated by circulation, just mixed evenly when 
successful) and the energy required to mix warmer water is higher than that required to mix colder 
water. As a result, most circulation systems fail or at least do not provide complete mixing by late 
summer, unless considerably more power (bigger pumps, more air, more overall mixing capacity) 
is designed into the system at much greater capital cost. To circulate Skinequit Pond with 
SolarBees, the intake would need to be set near the bottom in up to 30 feet of water and at least 
five units would be needed, probably more. Aside from the cost, the aesthetics of that many units 
on the pond may be an issue. 
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Circulation in general is not ideal for the Skinequit Pond situation, given the high oxygen demand 
of the sediment and its high redox-sensitive P concentration. Algae may grow at the sediment-
water interface then float up to form blooms even if there is adequate oxygen above. Oxygen must 
be high enough at the sediment-water interface to drive the anoxic zone into the sediment where 
light is inadequate for algae growth. This is a rare occurrence with any circulation system. 
 
The alternative, as noted previously, is a sidestream saturation system, or oxygen saturation 
technology, in which deep water is removed, oxygenated to a high degree, and put back into the 
deep zone. The chamber for oxygenation is on shore with a pump pulling water from the target 
zone and a gravity feed pipe sending oxygenated water back. The oxygenated water will move 
laterally at a fast pace, so a blanket of oxygenated water can be placed over the pond bottom to 
minimize P release. This is the system cur
system, involving nanobubbles, did not provide acceptable results over a two-year run. The current 
system experienced operational issues last year, but with some adjustments has run well so far in 
2022. Target oxygen levels have been maintained, but it remains to be seen if this will be enough 
to prevent cyanobacteria blooms. If it performs acceptably, this could be an appropriate approach 
for Skinequit Pond. 
 

 area with lower oxygen demand and would have to be 
scaled up for Skinequit Pond. A similar pond on Long Island has been considering an oxygen 
saturation approach, and the estimated capital cost is between $150,000 and $200,000. Annual 
operational cost is expected to be on the order of $20,000 to $30,000.  
 
An alternative costing approach is to consider the mass of oxygen that needs to be supplied. The 
oxygen demand estimated from available data was high, at 2-3 g/m2/d. Over the roughly 11 acres 
with oxygen-demanding organic sediment cover, that translates into an oxygen mass need of 
between 90 and 134 kg/d. At about $1200/kg, a capital cost of $110,000 to 161,000 is suggested. 
Operational cost of about $40,000 is estimated. As the details of any oxygenation installation are 
highly site-specific (e.g., availability of access and power, length of pipe needed, location of 
oxygenator), getting estimates from qualified vendors is advisable, but it seems likely that an 
appropriate system could be installed for <$200,000. Operational cost, mostly a function of power 
needs to supply oxygen, will decline, as oxygen demand should decrease over time, but there will 
always be a need to counter the oxygen demand, so the system is expected to run throughout the 
period of stratification. 
 
Phosphorus Inactivation 

The addition of aluminum to replace iron as the main P binder in surficial sediments subject to 
anoxia has been practiced for over four decades, but much has been learned over the last decade 
that has improved results and minimized unintended impacts. At least a dozen lakes have been 
treated on Cape Cod with varying degrees of success (Wagner et al. 2017). Where results were 
less than what was desired, the problem is traceable to inadequate dose, sometimes a function of 
limited data and sometimes a restriction imposed by permits. Aluminum does not release P when 
exposed to low oxygen, so it can prevent the internal loading experience with iron-bound P. 
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Aluminum can be added in several forms, and where higher doses for inactivation of sediment P 
are involved, it is typical to add aluminum sulfate and sodium aluminate simultaneously (but not 
pre-mixed) to provide enough aluminum while maintaining the pH in the desired range. The dose 
at any one time is usually limited to no more than 5 mg/L, with sequential doses as needed to apply 
enough aluminum to inactivate the targeted sediment P. Doses are expressed in g/m2, with back-
calculation of the temporary water column concentration by division by the depth of the mixing 
zone during application.  
 
For Skinequit Pond there appear to be two discrete zones with different inactivation needs. The 
north and west areas have a higher redox-sensitive P content than the east and the south areas. This 
makes sense if the cranberry bog was the main source, as the P would have entered mostly as 
particulate material, would have settled in the north area and been focused into the deeper west 
area by normal lake processes. The P content is different enough to warrant different doses in these 
areas. The calculation of dose can be done stoichiometrically or by a lab assay. The stoichiometric 
calculation involves providing 10 to 20 aluminum atoms for each targeted P atom. As the atomic 
weights of Al and P are similar, this can be addressed similarly on a mass basis. The calculation 
of P mass is provided in Table 3 and suggests that the east and south areas can be combined for 
treatment calculations. The north and west areas may be sufficiently different to warrant separate 
doses, but with a twofold range of Al:P ratio and a fairly high expected dose, these might also be 
treated as one areal unit for purposes of treatment. 
 
With high oxygen demand and very loose sediment that allows potentially greater interaction with 
overlying water, the higher end of the Al:P ratio (20:1) would be preferred in the stoichiometric 
approach. This yields a dose estimate of 147 g/m2 for the north area, 91 g/m2 for the west area, 42 
g/m2 for the east area, and 56 g/m2 for the south area. Doses above 100 g/m2 are less efficient when 
added at once and are generally split in half and applied several years apart. The potential error 
with only a single sample from each area does not suggest that the east and south area doses are 
significantly different. It could be concluded that the north and west areas would be treated at 100 
g/m2 and the east and south areas would be treated at about 50 g/m2. 
 
The alternative lab assay method of dose calculation involves adding varied doses of aluminum to 
small amounts of suspended sediment in the lab and testing for residual redox-sensitive P after 
reactions have occurred. A graph of the results shows the curvilinear decline in available P with 
sequentially higher Al doses and allows determination of optimum dose based on amount of P 
inactivated and the diminishing returns of greater Al addition. This testing was not conducted in 
this first level assessment, given both cost and the smaller size of the pond; refinement of dose is 
not likely to make a great difference in overall cost of treatment in this case but the assays could 
be conducted if WASH will fund them. 
 
The duration of results is largely determined by the rate at which P is replaced from the watershed 
(expected to be very slow currently) and how long it takes for P that is not inactivated by the 
treatment (deeper than 10 cm) to migrate upward with the concentration gradient and reach the 
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sediment surface (usually the dominant means for internal load resumption). For stratified lakes, 
Huser et al. (2015) found an average of 21 years of benefits, and the only retreated lakes on Cape 
Cod got 14 and 17 years of benefit before re-treatment was necessary, and both had initially 
received doses lower than the maximum recommended. There is nothing magic about the 10 cm 
sediment depth; there is likely to be plenty of redox-sensitive P below that depth, but most 
treatments do not penetrate deeper than 10 cm and the primary source of P in internal loading 
scenarios is from the upper 1-2 cm. Consequently, the first 10-20 g/m2 of Al added provides great 
benefit and additional Al is simply extending the duration of those benefits, inactivating more and 
deeper P. One could perform smaller treatments every few years or one larger treatment every 
decade or two, but in the end it is still a maintenance operation to some degree, at least until all 
available P is exhausted. With several feet of apparently P-rich organic substrate in Skinequit 
Pond, P reserves will not be exhausted for many decades. 
 
The cost of aluminum treatment is a function of dose and area treated. The simplest estimate is 
about $50 per g/m2 per acre treated. For Skinequit Pond there are two defined areas of about 5.4 
acres each, one with a suggested dose of 100 g/m2 and the other with 50 g/m2. A cost of about 
$40,500. Adding in permitting and monitoring costs, this is about a $50,000 project. It would be 
conducted using a boat with tanks in it for the aluminum product, not a larger barge, but access is 
still an issue for Skinequit Pond and some extra cost may be incurred to restore an area used to get 
the boat and aluminum product to the pond.  
 
The primary concern with aluminum addition is toxicity, as the active aluminum in applied 
compounds can be toxic to aquatic life if the aluminum concentration is high enough (about 10 
mg/L) and the pH is outside the range of about 6 to 8 standard units. Fish kills have resulted from 
treatments that did not manage the aluminum concentration or pH adequately, including one on 
Hamblin Pond in Marstons Mills in 1995 and another in a Connecticut lake in 2000, but since that 
time the application of aluminum products has become more informed and controlled, and no toxic 
events have been recorded over more than 50 treatments in New England over the last 20 years. 
 
Concerns over human health issues with aluminum are based on older literature that has been 
discredited or explained by alternative factors. Aluminum has been found to accumulate in nerve 
synapses and was thought by some to be a factor in neurological dise

a causative agent. Still, people are uneasy about putting any chemical in water with which they 
come in contact, despite the use of aluminum in the vast majority of potable water treatment 
systems 
applied to skin. Yet it is not possible to argue that there is no risk or that a non-chemical alternative 
might pose less risk. Ultimately it is a trade-off between risk and reward, and decisions need to be 
made collectively with the best possible information provided to all involved parties. 
 
Combination Approaches 

None of the three applicable approaches to internal P loading control is mutually exclusive. If a 
thorough dredging project was undertaken, there would not likely be any need for oxygenation or 
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P inactivation. Partial dredging followed by either oxygenation or P inactivation could be 
implemented, but a well-designed oxygenation or P inactivation project would sufficiently limit 
internal P recycling and minimize the need for more expensive dredging.  
 
The more applicable combination approach is oxygenation and P inactivation, as each provides 
benefits to a greater degree than the other. P inactivation will depress internal P loading more than 
oxygenation, as the presence of oxygen in deeper water will aid decomposition and release of P 
by that process. Some improvement in deep water oxygen may be garnered from P inactivation, 
as there will be less algae produced that will later decay and consume oxygen, but the demand 
already expressed by the sediment will remain high and will cause low oxygen in at least the 
deepest water. 
 
However, the magnitude of the P reserves suggests that the typical combination of oxygenation 
and P inactivation, which would involve injecting smaller quantities of aluminum or another P 
binder (iron will work if oxygen is maintained above about 2 mg/L) into a circulation system 
(SolarBee technology might work if the intake was extended to the deepest zone and capacity was 
adequate to mix the whole pond), will not be adequate to provide the desired benefits from the 
start. A much larger initial P inactivation treatment or a more complete oxygenation project is 
needed to address the legacy P reserves currently in the surficial sediment. Combination 
oxygenation/P inactivation systems tend to work best to counter ongoing, uncontrolled inputs from 
the watershed (e.g., stormwater runoff, large waterfowl population). 
 
Deciding What to Do 

There is no watershed technique that will rehabilitate Skinequit Pond. Reducing inputs to the pond 
from the watershed is always a good idea, but the pond is like a boat that has been leaky for a long 

is removed. No amount of watershed management will improve the condition of Skinequit Pond 
now; the internal load must be addressed. 
 
Among the choices for reducing internal P loading, dredging is the most thorough and will provide 
the greatest overall benefit for the longest time, but the cost is very high and the permitting process 
is long and arduous. Oxygenation with a sidestream saturation system could be effective at a capital 
cost of <$200,000 and an annual operating cost <$40,000, but the track record for such systems is 
not yet extensive enough to guarantee results. 
Orleans may be worthwhile to see if such a system is successful there. P inactivation, almost 
certainly with aluminum based on current product approvals for use in Massachusetts, represents 
the lowest cost alternative at about $50,000. Such treatments have been conducted with minimal 
non-target impacts for over 20 years in Massachusetts, with over a dozen projects on Cape Cod. 
While all cases have resulted in improvement of pond conditions, not all have achieved the goal 
of eliminating cyanobacteria blooms entirely. An aluminum treatment should provide benefits for 
at least a decade and possibly for two decades but would eventually have to be re-done. 
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Lake management is like a three-legged stool with legs representing science, economics, and 
institutions. The stool is only functional if all three legs are solid. This report has focused on the 
science and provides economic information that allows some prediction of likely cost. The 
institutional side, which includes state and local government, related permitting processes, quasi-
governmental groups operating on Cape Cod, and the Watershed Association of South Harwich 
with its preferences, is the most difficult leg to firm up. Opinions count, although they should not 
be considered more reliable than data and unbiased analysis. All involved parties need to discuss 
goals for the pond, the options for attaining those goals, and the costs for implementing those 
options. Considerably more data collection will be needed if dredging is to be pursued, and some 
input from qualified vendors is advisable if oxygenation is preferred. The data in hand are 
sufficient to plan a P inactivation treatment, and that appears to be the least cost alternative. It is 
now up to WASH to discern a path forward. 

























Town of Harwich Water & Wastewater Department

 196 Chatham Road, Harwich, MA 02645 USA I www.harwichwater.com

  P. 508-432-0304 I F. 888-774-3557 I Dpelletier@harwichwater.com

September 28, 2022
Community Preservation Committee, Town of Harwich 
David Nixon, Chair
732 Main Street
Harwich, MA 02645

Subject: Letter of Support – Skinequit Pond Remediation Project

Please accept this letter of support for the Skinequit Pond Remediation Project application for CPC funds by 
the Watershed Association of South Harwich. The elevated nutrient levels in Skinequit Pond have been the cause 
for numerous water quality issues for many years. Where the nutrients are in-solution intervention is a necessary
step to restore water quality and mitigate further degradation. The Association has made significant investments 
to restore/maintain water quality with waning success. The proposed alum treatment would have an immediate 
impact on water quality as it acts by pulling the nutrients out-of-solution where they then settle out on the pond 
floor. That said, alum is not a permanent solution as it does not address the source of the nutrients which will 
need to be addressed with either conventional sewers, I/A septic systems, or other technology. The evaluation 
of Harwich’s ponds along with proposed remediation strategies have been incorporated into the Town’s CWMP 
revisions project. In my opinion, the proposed Skinequit Pond Remediation Project is a great first step to 
improving the ponds health and will also help maintain water quality while a solution to address the nutrient 
source is developed. I would like to thank the Community Preservation Committee for your careful 
consideration and recommend your approval of this project
. 
Respectfully,

Dan Pelletier
Superintendent of Water & Wastewater







 
P.O. Box 101, South Harwich, MA 02661 

Ph. 508-432-3997     E-mail: info@harwichconservationtrust.org 
www.harwichconservationtrust.org 

 
Town of Harwich Community Preservation Committee (CPC):   Sept. 27, 2022 
David Nixon, Chair, Recreation and Youth Commission Representative 
Kathy Green, Vice Chair, Real Estate and Open Space Committee Representative 
Mary Maslowski, Planning Board Representative 
John Ketchum, Conservation Commission Representative 
Robert Doane, Historic District Representative 
Joseph McParland, Housing Committee Representative 
Elizabeth Harder, Housing Authority Representative 
Carole Ridley, Select Board s Representative 
Kelly Barber, Select Board s Representative 

Dear Members of the Community Preservation Committee: 

On behalf of the HCT Board of Trustees, I am writing in support of the application to CPC for Skinequit Pond alum 
treatment remediation.  Skinequit Pond is of particular interest to HCT because it is within the watershed area that 
includes a number of HCT parcels, including four parcels located on Skinequit Road totaling 2.2 acres.  

The pond could experience water quality improvements similar to Hinckleys Pond, the focus of a similar project reviewed 
and recommended by CPC and ultimately approved by Town Meeting voters. The Town Natural Resource Dept. has a 
growing working knowledge and measurable data from the Hinckleys Pond project that will help inform this new project. 

HCT support of this project is in line with our focus on protecting and improving pond health and preserving wildlife 
habitats.  The project will improve the water quality of Skinequit Pond, which directly affects the ecosystems in and 
around the pond.  This is particularly important because of the following: 

The pond is an active and important spawning ground for an active herring run that originates in the Red River 
estuary as fish swim from the Sound upstream.  In 2020, the Tuttle family gifted seven acres of Red River salt 
marsh to HCT in part to protect the Red River herring run.   The Tuttle land gift directly connects to the herring 
run into Skinequit Pond.   Improved water quality in the pond is important for the preservation of the herring run 
and, hopefully, an increase in herring population over time.  

Both the tract of conservation land on the northern side of the pond owned by the Town and the herring run from 
the Red River estuary are designated Critical Natural Landscape by the National Heritage Endangered Species 
Program (NHESP).   The term Critical Natural Landscape identifies and prioritizes intact landscapes that are 
better able to support ecological processes and a wide array of species and habitats over long periods of time.   
 

The HCT Board of Trustees recommends your favorable review of the project to protect the health of Skinequit Pond. 

Respectfully, 

Thomas M. Evans 
President 


