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WRS

This report documents the evaluation of Little Fresh Pond within the Fresh Pond Reservation for current
conditions and management options to achieve desired goals. Little Fresh Pond is a 3.5-acre waterbody
adjacent to Fresh Pond and the public golf course. It is used as an irrigation supply for the Fresh Pond Golf
Course and is also popular for swimming by dogs being walked around Fresh Pond on the public trail.
Excessive growth of algae and rooted plants has been observed, and foul odors have been noted during
summer. Concern has been expressed over general pond health, contact safety, and the odors emanating
from the pond and transferred to the golf course as a result of irrigation. Water Resource Services, Inc.
(WRS), acting a subcontractor to Hatch Associates Consultants, Inc. and with assistance from Cambridge
Water Department (CWD), investigated conditions in Little Fresh Pond and possible causative agents, with
the goal of recommending management actions to enhance pond conditions. Field operations were
conducted in May through August 2025, and included assessment of physical, chemical, and biological
features of the pond.

Condition Evaluation

Physical Features

Little Fresh Pond is located on the west side of Fresh Pond (Figure 1), separated from Fresh Pond by the
perimeter trail that surrounds Fresh Pond. Little Fresh Pond lies on the eastern edge of the public golf
course, roughly in the middle of its north-south extent. The pond occupies 3.55 acres and has a maximum
depth of just over 7 feet (Figure 2, Table 1), with an average water depth of 4.4 feet and a volume of 15.6
acre-feet (approximately 5 million gallons). Its watershed is primarily the golf course, with periodic
runoff, some ground water flow, and direct precipitation providing water to the pond.

The pond has a considerable build up of organic sediment (Figure 3, Table 1), with soft sediment depth
exceeding the ability of the probe to reach a hard bottom in many cases. An average soft sediment depth
in excess of 3.6 feet is suggested, with maximum depths in excess of 12 feet. An estimate of at least 12.6
acre-feet of sediment was derived but is undoubtedly an underestimate. Soft sediment is underlain by
sand and gravel, which is exposed in some peripheral areas.

The golf course occupies land west of the pond and has a non-mowed, vegetative buffer strip between
areas of play and the pond. The paved Perimeter Road around Fresh Pond runs along the east side of
Little Fresh Pond, with an access point near the southern end of Little Fresh Pond that is used as a dog
swimming area. There is a pump station at the northeast corner of the pond with a pipe extending into
the deepest water in that area, about 5.5 feet, through which water is withdrawn for use in golf course
irrigation. There is a small connector channel at the southwest corner of the pond that connects to a
couple of smaller ponds to the south, but there was no flow observed in this channel on any date that
WRS was on site.

Goals for Little Fresh Pond are simple: minimize odors and any possible harmful health effects from
proximal or direct contact for people and dogs.



Figure 1. Little Fresh Pond, Fresh Pond Reservation, July 2025
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Figure 2. Little Fresh Pond water depth contours (June 2025).
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Table 1. Area and volume calculations for Little Fresh Pond.

Water Sediment
Volume Volume

Depth (ft) [Area (ac) | (ac-ft) Depth (f) |Area (ac) | (ac-ft)
0 3.55 0| 3.55
1 3.22 3.39 1l 231 0.62
2 2.91 3.07 2| 1.78 0.53
3 2.56 2.74 3] 1.48 0.30
4 2.13 2.35 10| 0.61 6.09
5 1.56 1.85 >10 0.1 5.10
6 1.00 1.28 Total 12.64
7 0.37 0.69 Avg depth 3.56
>7 0.10 0.24

Total 15.58

Avg depth 4.39
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Figure 3. Sediment depth in Little Fresh Pond (June 2025).
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Chemical Features

Water was sampled in the deepest area of the pond in June, July, and August, although the exact location was
chosen as much for open water as actual depth (Figure 4). Water was also sampled from shore near the
pumphouse on the first two visits in May and June. Water samples were collected for lab analysis of nutrients
and related water quality at the top and bottom of the deep hole station on three dates and from the shoreline
station on two dates. Profiles of water quality features measurable in the field (e.g., temperature, dissolved
oxygen, conductivity, turbidity, pH, and chlorophyll-a) were collected at the surface, mid-depth, and near the
bottom at the deep hole station. The upper four inches of sediment were sampled at 3 locations (Figure 4)
during the June sampling event.

Water quality data (Tables 2 and 3) included field and lab measures. The field assessments (Table 2) indicate
a strong thermal gradient between surface and bottom water in June and July despite shallow depth. Dense
plant growths appear to minimize mixing by wind and foster stratification. Dissolved oxygen was low in water
deeper than 1.0 meter (3.3 feet) in June, July, and August, indicating a strong oxygen demand from sediment.
Conductivity and total dissolved solids (TDS) were high overall and spiked even higher at the bottom. The pH
was neutral to basic at the surface and declined to mildly acidic levels near the bottom. Photosynthesis in
surface waters is undoubtedly raising the pH through carbon dioxide removal, while the input of acid from
decomposition in deep water is the likely cause of lower pH values. The observed gradient would not be
unusual in a deep lake but is striking in a shallow waterbody.

Chlorophyll-a in the water column, and indicator of algal biomass, was high at the surface from the CWD
instrument in June, but was much lower according to the WRS instrument, and on all other dates chlorophyll-
a was low to moderate. On a routine basis, chlorophyll-a is not high enough to suggest high algal abundance
or strong influence by algal photosynthesis on pH. It is much more likely that rooted plant photosynthesis is
the dominant plant influence on water quality in Little Fresh Pond, although algal mats associated with the
rooted plants are sometimes abundant enough to have an effect.

Turbidity was high on the June sampling date but much lower in August. In general, the water was not very
turbid until the boat disturbed the plants and filamentous algae at the surface, and the June values are not
considered a reliable representation of water clarity in June. Secchi transparency was not reliably measurable
due to dense plant growth, but the disk appeared to be visible to the bottom when not obscured by plants.

Laboratory water quality (Table 3) focused on phosphorus and nitrogen, but alkalinity and selected metals
were assessed in August. Nitrates were very low, while ammonium nitrogen and total Kjeldahl nitrogen (which
includes ammonium nitrogen) were moderate in surface water and elevated near the bottom. This reflects
the build-up of ammonium nitrogen in the absence of oxygen, with oxygen being needed to convert
ammonium nitrogen to nitrate nitrogen. Some portion of the ammonium will be present as un-ionized
ammonia, which can be toxic to aquatic life at higher temperatures and pH as observed in Little Fresh Pond in
June and July.



Figure 4. Water and sediment sampling site locations.
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Table 2. Water quality from field instruments.

WRS

Date Time Depth | Depth | Temp | Temp [Baro Press| DO DO SpCond pH | Salinity [ TDS [ CHL | Turbidity | Turbidity

Source | MM.DD.YY | HH:MM:SS Station Latitude |[Longitude| meters | feet °C °F mmHg mg/l | %Sat [ pS/cm | Units PSU mg/l | pg/l [NTU (probe)[ NTU (instr)
CWD 05.27.25 11:20:00 Shore 42.3857| 71.15611 | 0.1 0.3

05.27.25 | duplicate Shore 42.3857| 71.15611 | 0.1 0.3

0.3

CWD 06.23.25 11:40:00 Shore 42.3857| 71.15611 | 0.1 0.3
CWD 06.23.25 12:03:23 | Deep Hole | 42.3848 | 71.1558 0.3 0.8 27.8 82.1 762.7 9.2 116.2 623 8.3 0.3 399 | 27.9

06.23.25 12:09:42 | Deep Hole | 42.3848 | 71.1558 1.0 3.4 22.7 72.9 762.7 1.2 13.4 630 6.8 0.3 403 8.7

06.23.25 12:15:05 | Deep Hole | 42.3848 | 71.1558 1.8 6.0 16.1 60.9 762.7 0.1 1.3 965 6.4 0.5 618 | -0.9
WRS 06.23.25 12:06:47 | Deep Hole | 42.3848 | 71.1558 0.3 1.0 27.2 80.9 7.2 92.3 601 8.6 2.6 20.0

06.23.25 12:07:20 | Deep Hole | 42.3848 | 71.1558 1.0 3.4 22.7 72.9 0.0 0.0 604 7.5 5.7 19.8

06.23.25 12:07:46 | Deep Hole | 42.3848 | 71.1558 1.8 5.8 16.9 62.5 0.0 0.0 779 6.7 5.4 114.0
CWD 07.29.25 9:34:30 | Deep Hole | 42.3848 | 71.1558 0.8 0.2 25.7 78.2 760.7 7.5 91.9 678 7.4 0.3 434 0.8

07.29.25 9:40:42 | Deep Hole | 42.3848 | 71.1558 3.3 1.0 23.1 73.5 760.7 0.3 3.8 681 6.7 0.3 436 1.0

07.29.25 9:53:03 | Deep Hole | 42.3848 | 71.1558 5.0 1.5 20.5 69.0 760.7 0.2 1.7 785 6.4 0.4 502 8.0
WRS 08.19.25 10:04:28 | Deep Hole | 42.3848 | 71.1558 0.1 0.2 23.7 74.6 3.2 38.7 750 6.9 1.0 2.0 2.7

08.19.25 10:02:33 | Deep Hole | 42.3848 | 71.1558 0.3 1.0 23.7 74.6 3.2 38.1 750 6.9 3.0 2.0

08.19.25 10:06:04 | Deep Hole | 42.3848 | 71.1558 1.0 3.3 23.4 74.1 0.0 0.0 735 6.7 9.0 2.1

08.19.25 10:07:08 | Deep Hole | 42.3848 | 71.1558 1.5 4.9 22.6 72.6 0.0 0.0 747 6.5 6.2 3.1

08.19.25 10:08:01 | Deep Hole | 42.3848 | 71.1558 1.9 21.6 70.9 0.0 0.0 763 6.3 4.9 7.5 7.9
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Table 3. Water quality from laboratory measurements

Date Time Depth | Depth [Alkalinity] TKN |NH4-N|[Nitrate-N| TotalP| Fe Mn Al Ca
Source | MM.DD.YY | HH:MM:SS Station Latitude |Longitude| meters | feet mg/l mg/L | mg/L mg/L mg/L | mg/L | mg/L | mg/L | mg/L
CWD 05.27.25 11:20:00 Shore 42.3857| 71.15611 0.1 0.3 0.419 | 0.0618 0.0181
05.27.25 | duplicate Shore 42.3857| 71.15611 0.1 0.3 0.402 | 0.1980 0.0149
0.3
CWD 06.23.25 11:40:00 Shore 42.3857| 71.15611 0.1 0.3 0.458 | 0.0706 0.0276
CWD 06.23.25 12:03:23 | Deep Hole | 42.3848 | 71.1558 0.3 0.8 0.355 | 0.0675 0.0149
06.23.25 12:09:42 | Deep Hole | 42.3848 | 71.1558 1.0 3.4
06.23.25 12:15:05 | Deep Hole | 42.3848 | 71.1558 1.8 6.0 1.080 | 0.4060 0.0712
WRS 06.23.25 12:06:47 | Deep Hole | 42.3848 | 71.1558 0.3 1.0
06.23.25 12:07:20 | Deep Hole | 42.3848 | 71.1558 1.0 3.4
06.23.25 12:07:46 | Deep Hole | 42.3848 | 71.1558 1.8 5.8
CWD 07.29.25 9:34:30 | Deep Hole | 42.3848 | 71.1558 0.8 0.2 0.444 |0.0982| <0.006 [ 0.0181
07.29.25 9:40:42 | Deep Hole | 42.3848 | 71.1558 3.3 1.0
07.29.25 9:53:03 | Deep Hole | 42.3848 | 71.1558 5.0 1.5 4.530 |3.3900( <0.006 | 0.2930
WRS 08.19.25 10:04:28 | Deep Hole | 42.3848 | 71.1558 0.1 0.2 53.5 0.519 | 0.0857| <0.03 [ 0.0329 | 0.76 | 0.114 | 0.01 | 23.8
08.19.25 10:02:33 | Deep Hole | 42.3848 | 71.1558 0.3 1.0
08.19.25 10:06:04 | Deep Hole | 42.3848 | 71.1558 1.0 3.3
08.19.25 10:07:08 | Deep Hole | 42.3848 | 71.1558 1.5 4.9
08.19.25 10:08:01 | Deep Hole | 42.3848 | 71.1558 1.9 61.5 1.640 | 0.4690( <0.03 | 0.1170 | 4.77 | 1.25 | 0.03 | 24.7
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Total phosphorus was low to moderate in surface water and elevated near the bottom, peaking in late
July at a very high concentration. The high phosphorus in deep water could support major algal blooms,
but there is minimal light under the dense plant assemblage, and more algae were observed growing as
filamentous forms in association with rooted plants at the surface. The source of the deep-water
phosphorus is likely to be release from sediment exposed to low oxygen (hypoxia or anoxia), as redox
reactions under low oxygen conditions cause phosphorus to dissociate from iron, the most common
phosphorus binder in the region.

Alkalinity is a measure of the resistance of water to changes in pH and is a function of compounds in the
water that react with hydrogen ions (more hydrogen lowers pH). There are no major human or ecological
health issues associated with alkalinity, but it does have implications for other aspects of water quality
and needs to be considered when contemplating various possible chemical treatments of lakes. Alkalinity
was elevated at 53.5 to 61.5 mg/L. Some of this alkalinity may be biologically generated, as elevated
photosynthesis can impart alkalinity, but alkalinity would not be expected to be naturally low in this part
of Massachusetts. No problems are indicated by the observed alkalinity range.

Aluminum was low and calcium was moderate, relative to the possible natural range, in both surface and
bottom water samples. Iron and manganese were slightly elevated at the surface and very high in bottom
water in August. Elevated iron and manganese are normally a result of release from sediment under low
oxygen conditions, consistent with observations for phosphorus. Aluminum and calcium are not affected
by low oxygen, while iron and manganese are very redox-sensitive.

Sediment features (Table 4) indicated highly aqueous (low solids) organic (elevated TOC) material over
most of the pond bottom. Of the three most common phosphorus binders (iron, aluminum, and calcium),
iron was most abundant and calcium was a minor component. However, even more phosphorus was
bound to aluminum than iron, probably a function of the redox sensitivity of iron with low oxygen over
most of the pond bottom. Loosely sorbed phosphorus was low. Calcium-bound phosphorus was moderate
to high but is not typically released at the observed oxygen or pH levels. Phosphorus associated with easily
decayed organic matter (biogenic) was low to moderate, while phosphorus bound in refractory organic
matter (and therefore not available) was moderate. Actual iron-bound phosphorus levels were moderate,
with values <100 mg/kg generally considered low and values >500 mg/kg deemed high.

Yet the concentration does not tell the whole story, as the mass of phosphorus in the upper four inches
(10 cm) of sediment is generally regarded as what is available to move into the water column and in any
given summer it is more likely that phosphorus is released from just the upper inch (about 2 cm).
Calculation of the mass of available phosphorus in the upper four inches of sediment (Table 5) reveals a
range of 2.5 to 4.7 g/m?, in the upper half of the moderate range (1 to 5 g/m?) and definitely a threat to
cause elevated phosphorus in the water column under low oxygen conditions.

If the release of phosphorus from sediment exposed to low oxygen was chosen as a management strategy,
aluminum could be used to inactivate sediment phosphorus and the estimated dose would be up to 50
g/m?, about the average for such treatments in New England.

10
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Table 4. Sediment quality measurements

LOOSELY FE AL BIOGENIC CA ORGANIC
% SOLIDS|% WATER| TOC | TOTAL-P BOUND P|BOUND P|BOUND P p BOUND P p ALUMINUM | IRON | CALCIUM
SAMPLE ID (%) | (mg/kg) | (mg/kg) | (mg/kg) | (mgrkg) | (mgrkg) | (mgrkg) | (mg/kg) | (mg/kg) | (mgrkg) | (mg/kg)
LFPSed1| 8.61% 91.4% 10.3 1625 <2.00 437 476 113 464 248 17529 38772 4701
LFPSed2| 16.8% | 83.2% 10.7 1289 <2.00 134 554 45.8 437 164 16163 33098 4445
LFPSed3 | 14.7% | 85.3% 9.00 1495 <2.00 293 440 11.9 584 178 20508 42584 4061
Table 5. Sediment phosphorus calculations
Lake or Area LFP 1 LFP 2 LFP 3 | Average
Mean Available Sediment P (mg/kg DW) 437 134 293 288
Target Depth of Sediment to be Treated (cm) 10 10 10
Volume of Sediment to be Treated per m2 (m3) 0.100 0.100 0.100
Specific Gravity of Sediment 1.10 1.10 1.10
Percent Solids (as a fraction) 0.09 0.17 0.15 0.13
Mass of Sediment to be Treated (kg/m2) 9.5 18.5 16.2 14.7
Mass of P to be Treated (g/m2) 4.14 2.48 4.74 3.8
Target Area (ac) 1 1 1
Target Area (m2) 4032 4032 4032
Aluminum sulfate (alum) @ 11.1 Ib/gal and 4.4% aluminum (Ib/gal) 0.4884 0.4884 0.4884
Sodium aluminate (aluminate) @ 12.1 Ib/gal and 10.38% aluminum (Ib/gal) 1.256 1.256 1.256
Stoich. Ratio (ratio of Al to P in treatment) 10 10 10
Resulting areal dose (g Al/m2) 41 25 47 38
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Biological Features

The obvious biological feature of Little Fresh Pond is vascular plants, although filamentous algae are also
readily apparent (Figure 5). Ten species of rooted plants, plus filamentous green algae, were identified in Little
Fresh Pond in late June 2025 (Table 6). Most abundant were coontail and water lilies (both yellow and white).
The lilies form a fringe around almost all of the pond and extend farther from shore in several areas, most
notably in the southwest portion (Figure 6, Table 7). Coontail was dominant throughout the deeper water of
the pond, filling the water column and reaching the surface in most areas deeper than three to four feet.

Figure 5. Aerial view of Little Fresh Pond, July 2025.
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Table 6. Plants encountered in Little Fresh Pond

Abbrev Scientific Name Common Name
Cd Ceratophyllum demersum Coontail
FG Chlorophyta Filamentous green algae
Ju Juncus sp Rush
Lm Lemna minor Duckweed
Ms Myriophyllum spicatum Eurasian watermilfoil
No Nymphaea odorata White water lily
Nv Nuphar variegata Yellow water lily
Pc Pontederia cordata Pickerelweed
Pp Potamogeton pusillus Thin leaved pondweed
Sp Sparganium sp Burr reed
Tl Typha latifolia Cattail

Figure 6. Dominant plant distribution in Little Fresh Pond, July 2025.
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Table 7. Plant survey data.

GPSpt |Water (ft)| Sed (ft)| Sed Type [Plant cover| Plantvol Plant species
1 2.2 0.1 s 4 4|Cd. No
2 5.0 1.6 m/s 4 2|Cd, FG
3 5.1 >3 m/s 4 2|Cd, FG
4 1.0 0.1 g 4 4|Nv, Sp, Lm, Cd
5 3.5 0.1 g 4 3|Cd, Nv
6 5.0 >3 m/s 4 3|Cd, Nv
7 5.1 >3[ m/s 4 3|Cd
8 6.0 >3 m/s 4 4|Cd
9 5.9 >3 m/s 4 3|Cd, FG
10 5.1 1.2 m/g 4 4|FG, Cd
11 4.7 1.3 m/g 4 4[No, Cd, FG
12 2.9 0.1 g 4 3|Nv, No, Cd, FG
13 4.2 2.0 m/g 4 4|Cd, FG
14 4.0 1.2 m/g 4 3|Cd, No, FG
15 6.8 >3 m 4 4|Cd, FG
16 6.2 >3 m 4 4|Cd, FG
17 6.5 >3 m 4 4|Cd, FG
18 6.3 >3 m 4 4|Cd, FG
19 7.2 >3 m 4 4|Cd, FG
20 7.2 >3 m 4 4|Cd, FG
21 6.8 >3 m 4 3|No, Cd, FG
22 6.8 >3 m 4 3|No, Cd, FG
23 5.2 2.0 m/s 4 2|Nv, Cd
24 2.4 0.1] s/g 0 0
25 5.3 >3 m 4 3[Nv, Cd, FG
26 3.8 03] m/g 4 4|Nv, Cd
27 1.7 0.1 m/g 3 2|NV, Ms, Pp
28 1.1 0.1 s/g 3 2|Ms, Lm, No, Pc, Tl
29 2.5 0.6] m/s 4 3|Ny, Cd
30 4.9 >3 m 4 4|Nv, Cd, FG
31 6.1 >3 m 4 4|Cd, FG
32 4.1 >3 m 4 3|Cd, Nv
33 5.6 >3[ m/s 4 4|Cd, FG, Nv, No
34 6.8 >3 m 4 2|Cd, FG
35 6.3 >3 m 4 4|Fg, Cd
36 6.2 >3] m/s 4 2|Cd, FG, NV
37 5.1 0.6|] s/g 3 2|Ny, Cd, FG
38 6.9 >3 m 4 3|Cd, FG
39 5.2 0.6 s/g 4 3[Nv, Cd, FG
40 5.0 0.2| s/g 4 4|Ny, Cd, FG
41 7.0 >10 m 4 4|Cd, FG
42 7.0 >12 m 4 1|Cd

14
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Approximately 2.3 acres of pond area are covered by dense coontail growths, while about 1.2 acres of pond
area have moderate to dense coverage by yellow or white water lilies. Less than 0.1 acre of pond is open
water. The high density of plants restricts mixing and limits entry of oxygen from the atmosphere. While plants
and algae photosynthesize by day and should have a net positive effect on oxygen during daylight hours, plants
respire at night and may cause very low oxygen in the dark. With minimal mixing, thermal stratification sets
up in even this shallow waterbody, and the low oxygen in water deeper than about 3 feet is a constant summer
feature. This leads to release of a variety of undesirable compounds from sediments and can be expected to
generate odorous compounds. The eventual decay of plants will exacerbate this situation, although as plants
die off there will be more mixing and some re-oxygenation of the water column.

The only invasive plant detected was Eurasian watermilfoil, which was limited to occasional stems in the
southwest part of the pond, near the connector channel to two other ponds. It is not known if milfoil arrived
through that connector channel or was otherwise introduced to Little Fresh Pond, but that invasive species is
capable of filling the water column of a waterbody like Little Fresh Pond. It apparently is not able to
outcompete the dense growths of water lilies and coontail, but if those native species are controlled, milfoil
could expand.

Phytoplankton can form blooms that affect oxygen and odors, and cyanobacteria can also be toxic to many
forms of life. Two algae samples were collected, one in late June and one in mid-August. While overall biomass
was moderate, cyanobacteria were a minor component of the phytoplankton assemblage and few problem
taxa were observed (Tables 8 and 9). Green algae were most abundant, and these samples did not include
surface algal mats, which were also predominantly green algae. The algal mats associated with rooted plant
growths were mostly the filamentous green alga Oedogonium, although some filamentous cyanobacteria
(Oscillatoria and Nodularia) were mixed in with the filamentous greens. Those cyanobacteria can be
malodorous and can produce toxins but were not abundant enough to represent any credible threat to
ecological health, dogs, or humans. The high density of rooted plants is undoubtedly suppressing
phytoplankton abundance. If rooted plants are removed, current water quality would support algal blooms.

Zooplankton, which are small planktonic invertebrates that mostly eat algae and are in turn eaten by small
fish, were also assessed in June and August (Table 10). Microcrustaceans, specifically calanoid copepods and
small cladocerans, were most abundant. The biomass was moderate for June and high in August. Dense plant
growths undoubtedly limit the effectiveness of fish predation on zooplankton, but average body size was
moderate to small, suggesting that larger forms are being eaten. Zooplankton are inefficient consumers of
larger particles, including the algal mats, but can limit the smaller planktonic algae and enhance clarity.

15



Table 8. Phytoplankton data from Little Fresh Pond.

WRS

PHYTOPLANKTON PHYTOPLANKTON
* = potentially toxic DENSITY (CELLS/ML) BIOMASS (UG/L)
** = likely toxic
# =taste and odor producer LFP LFP LFP LFP
TAXON 06/23/25| 08/19/25[TAXON 06/23/25|  08/19/25)
BACILLARIOPHYTA BACILLARIOPHYTA
Centric Diatoms Centric Diatoms
Araphid Pennate Diatoms Araphid Pennate Diatoms
Asterionella # 49 O|Asterionella # 9.8 0.0
Monoraphid Pennate Diatoms Monoraphid Pennate Diatoms
Biraphid Pennate Diatoms Biraphid Pennate Diatoms
Cymbella/related taxa 0 9|Cymbella/related taxa 0.0 9.1
Gomphonema/related taxa # 0 9|Gomphonema/related taxa # 0.0 9.1
Navicula/related taxa 0 27|Navicula/related taxa 0.0 13.7
CHLOROPHYTA CHLOROPHYTA
Flagellated Chlorophytes Flagellated Chlorophytes
Coccoid/Colonial Chlorophytes Coccoid/Colonial Chlorophytes
Coelastrum 49 0[Coelastrum 9.8 0.0
Elakatothrix 12 0|Elakatothrix 1.2] 0.0
Kirchneriella 49 73|Kirchneriella 4.9 7.3
Pediastrum # 49 O|Pediastrum # 9.8 0.0
Scenedesmus # 24 73|Scenedesmus # 2.4 7.3
Sphaerocystis 4978 218|Sphaerocystis 995.5 43.7,
Filamentous Chlorophytes Filamentous Chlorophytes
Oedogonium 31 0|Oedogonium 30.5 0.0
Desmids Desmids
Closterium # 0 18|Closterium # 0.0 946.4
Cosmarium # 12 237|Cosmarium # 53.7 1041.0
CHRYSOPHYTA CHRYSOPHYTA
Flagellated Classic Chrysophytes Flagellated Classic Chrysophytes
Non-Motile Classic Chrysophytes Non-Motile Classic Chrysophytes
Haptophytes Haptophytes
Tribophytes/Eustigmatophytes Tribophytes/Eustigmatophytes
Raphidophytes Raphidophytes
CRYPTOPHYTA CRYPTOPHYTA
CYANOPHYTA CYANOPHYTA
Unicellular and Colonial Forms Unicellular and Colonial Forms
Aphanocapsa * # 0 728|Aphanocapsa * # 0.0 7.3
Chroococcus 0 73|Chroococcus 0.0 29.1
Filamentous Nitrogen Fixers Filamentous Nitrogen Fixers
Tolypothrix 0 455|Tolypothrix 0.0 91.0
Filamentous Non-Nitrogen Fixers Filamentous Non-Nitrogen Fixers
Planktolyngbya 0 728|Planktolyngbya 0.0 7.3
EUGLENOPHYTA EUGLENOPHYTA
Phacus 0 9|Phacus 0.0 27.3]
Trachelomonas 6 9|Trachelomonas 32.3] 9.1
PYRRHOPHYTA PYRRHOPHYTA
Ceratium # 0 9|Ceratium # 0.0 158.3

16



Table 9. Summary of Little Fresh Pond phytoplankton data.

WRS

PHYTOPLANKTON PHYTOPLANKTON
* = potentially toxic DENSITY (CELLS/ML) BIOMASS (UG/L)
** = |ikely toxic
# = taste and odor producer LFP LFP LFP LFP
TAXON 06/23/25| 08/19/25|TAXON 06/23/25| 08/19/25
DENSITY (CELLS/ML) SUMMARY DENSITY (UG/L) SUMMARY
BACILLARIOPHYTA 48.8 45.5|BACILLARIOPHYTA 9.8 31.9
Centric Diatoms 0 0| Centric Diatoms 0.0 0.0
Araphid Pennate Diatoms 48.8 0| Araphid Pennate Diatoms 9.8 0.0
Monoraphid Pennate Diatoms 0 0[ Monoraphid Pennate Diatoms 0.0 0.0
Biraphid Pennate Diatoms 0 45.5| Biraphid Pennate Diatoms 0.0 31.9
CHLOROPHYTA 5203.3 637|CHLOROPHYTA 1107.8 2058.4
Flagellated Chlorophytes 0 0| Flagellated Chlorophytes 0.0 0.0
Coccoid/Colonial Chlorophytes 5160.6 364 Coccoid/Colonial Chlorophytes 1023.6 58.2
Filamentous Chlorophytes 30.5 0| Filamentous Chlorophytes 30.5 0.0
Desmids 12.2 273| Desmids 53.7 2000.2
CHRYSOPHYTA 0 0[CHRYSOPHYTA 0.0 0.0
Flagellated Classic Chrysophytes 0 0| Flagellated Classic Chrysophytes 0.0 0.0
Non-Motile Classic Chrysophytes 0 0| Non-Motile Classic Chrysophytes 0.0 0.0
Haptophytes 0 0| Haptophytes 0.0 0.0
Tribophytes/Eustigmatophytes 0 0| Tribophytes/Eustigmatophytes 0.0 0.0
Raphidophytes 0 0| Raphidophytes 0.0 0.0
CRYPTOPHYTA 0 O0[CRYPTOPHYTA 0.0 0.0
CYANOPHYTA 0 1983.8|CYANOPHYTA 0.0 134.7|
Unicellular and Colonial Forms 0 800.8| Unicellular and Colonial Forms 0.0 36.4]
Filamentous Nitrogen Fixers 0 455[ Filamentous Nitrogen Fixers 0.0 91.0
Filamentous Non-Nitrogen Fixers 0 728| Filamentous Non-Nitrogen Fixers 0.0 7.3
EUGLENOPHYTA 6.1 18.2|EUGLENOPHYTA 32.3 36.4
PYRRHOPHYTA 0 9.1/PYRRHOPHYTA 0.0 158.3|
TOTAL 5258.2 2693.6|TOTAL 1149.9 2419.7
CELL DIVERSITY 0.14 0.84|BIOMASS DIVERSITY 0.27 0.61
CELL EVENNESS 0.14 0.68/BIOMASS EVENNESS 0.27| 0.49
NUMBER OF TAXA
BACILLARIOPHYTA 1 3
Centric Diatoms 0 0
Araphid Pennate Diatoms 1 0 6/23/25 8/19/25
Monoraphid Pennate Diatoms 0 O[DENSITY (UG/L) SUMMARY
Biraphid Pennate Diatoms 0 3[BACILLARIOPHYTA 10 32
CHLOROPHYTA 8 7|CHLOROPHYTA 1108 2058
Flagellated Chlorophytes 0 0|CHRYSOPHYTA 0 0
Coccoid/Colonial Chlorophytes 6 3|CRYPTOPHYTA 0 0
Filamentous Chlorophytes 1 0|CYANOPHYTA 0 135
Desmids 1 4|EUGLENOPHYTA 32 36
CHRYSOPHYTA 0 0[PYRRHOPHYTA 0 158
Flagellated Classic Chrysophytes 0 0
Non-Motile Classic Chrysophytes 0 0
Haptophytes 0 0
Tribophytes/Eustigmatophytes 0 0
Raphidophytes 0 0
CRYPTOPHYTA 0 0
CYANOPHYTA 0 4
Unicellular and Colonial Forms 0 2
Filamentous Nitrogen Fixers 0 1
Filamentous Non-Nitrogen Fixers 0 1
EUGLENOPHYTA 1 2
PYRRHOPHYTA 0 1
TOTAL 10 17
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Table 10. Zooplankton data for Little Fresh Pond.

WRS

Individuals (#/L) Biomass (uglL)
LFP LFP LFP LFP
TAXON 6/23/25 8/19/25 TAXON 6/23/25 8/19/25

PROTOZOA PROTOZOA
Ciliophora 0.0 0.0|Ciliophora 0.0 0.0
Mastigophora 0.0 0.0|Mastigophora 0.0 0.0
Sarcodina 0.0 0.0|Sarcodina 0.0 0.0
ROTIFERA ROTIFERA
Asplanchna 0.7 0.0|Asplanchna 0.7 0.0
Brachionus 0.0 3.5|Brachionus 0.0 0.3
Conochilus 0.7 3.5|Conochilus 0.0 0.1
Filinia 0.7 0.0|Filinia 0.0 0.0
COPEPODA COPEPODA
Copepoda-Cyclopoida Copepoda-Cyclopoida
Copepoda-Calanoida Copepoda-Calanoida
Diaptomus group 6.6 94.5|Diaptomus group 24.4 197.5
Other Copepoda-Nauplius 3.3 3.5|0ther Copepoda-Nauplius 8.7 9.3
CLADOCERA CLADOCERA
Bosmina 29.0 532.0|Bosmina 28.5 521.4
Ceriodaphnia 2.6 0.0(|Ceriodaphnia 6.9 0.0
Daphnia ambigua 0.7 0.0|Daphnia ambigua 1.1 0.0
Diaphanosoma 8.6 7.0|Diaphanosoma 12.4 13.9
OTHER ZOOPLANKTON OTHER ZOOPLANKTON
Chironomidae 0.1 0.0|Chironomidae 66.0 0.0
SUMMARY STATISTICS SUMMARY STATISTICS
DENSITY BIOMASS

PROTOZOA 0.0 0.0/ PROTOZOA 0.0 0.0

ROTIFERA 2.0 7.0 ROTIFERA 0.7 0.5

COPEPODA 9.9 98.0/ COPEPODA 33.2 206.8

CLADOCERA 40.9 539.0 CLADOCERA 48.8 535.2

OTHER ZOOPLANKTON 0.1 0.0 OTHER ZOOPLANKTON 66.0 0.0

TOTAL ZOOPLANKTON 52.9 644.0( TOTAL ZOOPLANKTON 148.6 742.5
TAXONOMIC RICHNESS

PROTOZOA 0 0

ROTIFERA 3 2

COPEPODA 2 2

CLADOCERA 4 2

OTHER ZOOPLANKTON 1 0

TOTAL ZOOPLANKTON 10 6
S-W DIVERSITY INDEX 0.62 0.25|MEAN LENGTH (mm): ALL FORMS 0.49 0.39
EVENNESS INDEX 0.62 0.32|MEAN LENGTH: CRUSTACEANS 0.50 0.39
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Benthic invertebrates were not assessed, but there were some chironomid larvae (midge flies) in the
zooplankton sample, dragonflies were observed flying over the pond, and a suite of benthic invertebrates
could be expected among the rooted plants. However, the low oxygen below water depths of 3 feet will
severely restrict what can live in the sediment in deeper water.

Fish were not assessed in any quantitative manner, but largemouth bass, sunfish, and common carp
were all observed in Little Fresh Pond. The bass and carp were large, while the sunfish were mostly small.
No fish species appeared very abundant, but with the dense plant growth, it was difficult to make any
guantitative observations.

Problem Assessment and Evaluation of Causative Agents

The reports of odors at Little Fresh Pond and concern over possible health issues from water contact are
common problems for fertile ponds experiencing excessive productivity and related water quality
impairment. Abundant phytoplankton with blooms of cyanobacteria represent a threat in such
waterbodies, but that does not appear to be the case at Little Fresh Pond. Phytoplankton were not a
dominant component of the aquatic community, and while some of the algae incorporated into algal mats
could produce odor or toxins, those forms were not abundant enough to represent a significant threat
during 2025.

Rather, the loss of oxygen in a substantial portion of the pond appears to be the main problem. Low
oxygen conditions promote generation of malodorous compounds and elevated rooted plant and algae
growth by release of nutrients from the sediment, especially phosphorus and ammonium. Oxygen was
low from late June through mid-August in water deeper than three feet and was well below saturation
even at the surface in mid-August. That means that at least 72% of the pond bottom was exposed to
conditions that promote undesirable interactions between the sediment and overlying water.

The low oxygen is caused by a combination of high oxygen demand by organic sediment that has
accumulated in the pond over time and the lack of mixing caused by dense plant growth. While water
lilies are traditional rooted plants that get most nutrition directly from sediment, coontail is among a small
number of plants that have rudimentary roots used only to hold the plant in place, with most nutrition
coming from the water column. As a result, the low oxygen is fueling release of nutrients from the
sediment that then supports coontail growth that further restricts mixing, adds more organic matter, and
fosters ongoing low oxygen levels.

The odors have been described as mostly “septic”, which includes a range of compounds produced by
decay, many of which are associated with low oxygen and a failure of decomposition to be completed.
Increased oxygen and decreased decaying plant matter would be expected to reduce the problem. While
this investigation was conducted over one summer with limited samplings, algal analysis provides no
indication that toxic algae are a major threat. Likewise, there is no evidence of toxic compounds such as
pesticides or other contaminants that might come from the golf course or arrive via atmospheric
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transport, based on the extensive growths of plants that could be affected by such contaminants, although
no specific testing for such compounds was conducted.

The sediment of Little Fresh Pond may harbor contaminants of concern and those might complicate
dredged material disposal, if such a course of action was taken. Lakes in urban settings often have metals
or hydrocarbons in excess of thresholds for unrestricted disposal, and while these may be ecologically
inactive in the sediment, disposal on land is subject to strict regulation.

Expansion of algal mats is possible with rooted plant die off and could cause odor, but rooted plants
remained abundant throughout the summer, the time of most odor complaints. At this point, it appears
that the main causative agent is excessive organic production in the pond that leads to low oxygen, which
in turn fosters nutrient cycling and further organic production, and leads to odor generation from
decomposition.

Management Options

The choice of management options generally depends on effectiveness, cost, and non-target impacts. It
appears that the goals of fewer odors and no toxicity would be met with increased oxygen in Little Fresh
Pond, which depends to some degree on a reduction in rooted plant biomass. However, removing rooted
plants may stimulate other problems, including algal mats or phytoplankton blooms under current water
quality or expansion of the invasive Eurasian watermilfoil. Management decisions must therefore consider
everything that may occur as a result of any action, not just the direct impact on oxygen concentration.

In the simplest terms, increasing oxygen is a matter of adding oxygen or decreasing oxygen demand, or
both. Oxygen will naturally increase in a shallow pond with improved mixing, or can be added with various
devices, including fountains or submerged input points, using air, enriched air, or pure oxygen. Simply
mixing a pond by mechanical forces is commonly applied in shallow systems where constant or similar
water quality is considered natural from top to bottom. It is possible to pull water out of the pond,
oxygenate it, and return it, which is preferred where the waterbody is stratified and causing
destratification might create additional problems. For shallow Little Fresh Pond, a mixing system would
be the least expensive means for creating the circulation that enhances oxygen levels, but the density of
rooted plants will be an impediment to any such system and must be reduced to achieve the goal.

Reduction of oxygen demand could focus on sediment removal (dredging), as there is a lot of organic
sediment trying to decompose on the bottom of the pond. Excavation to a hard bottom, sand and gravel
in this case, would limit oxygen demand and reduce rooted plant growth, as fewer plants grow on harder
substrates. Yet dredging is very expensive and presents permitting challenges. There are at least 12.64
acre-feet (20,400 cubic yards) of soft sediment to be removed, and anything less than complete removal
may not solve the oxygen problem. Investigation of sediment quantity and quality would be needed to
plan for a dredging project at a cost of at least $25,000 and engineering and permitting costs would be
expected to be on the order of $100,000. At a minimum dredging cost of $50,000 per acre-foot, actual
sediment removal would cost at least $632,000. Less expensive solutions are available.
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If the density of rooted plants was reduced, the oxygen level is likely to rise in much of the water column
by itself. There would likely still be a low oxygen zone near the bottom in water deeper than 3 feet, but
oxygen demand would be at least partly abated, and a relatively simple mixing system could limit low
oxygen zones. A submerged diffuser system, analogous to what is often used in an aquarium, could work,
but so could a simple set of fountains, which might be aesthetically pleasing in a situation like this. The
key would be moving enough water to circulate the pond every few days. With a volume of 15.6 acre-feet
(just over 5 million gallons), at least one million gallons per day should be moved, which equates to 1.5
cubic feet per second. This would require a medium-sized compressor for an air driven system or multiple
fountains of typical size; a minimum of three fountains, each with a 750 gallon per minute pumping
capacity, would be needed. Undersizing the circulation system could promote algal blooms, so providing
a total capacity of at least 3000 gpm would be recommended.

However, to get a circulation system to work properly, rooted plant density must be reduced. There are
many ways to limit plant growth, but there are constraints when working near a water supply. Chemical
controls fall into two main categories, herbicides and nutrient inactivators. Herbicides could be very
effective but are not preferred in a situation like this, with a connected potable water supply. Inactivation
of phosphorus will not usually control rooted plants, as most nutrition comes from the sediment and root
systems penetrate deeper into the sediment than inactivation compounds. However, as coontail gets its
nutrition from the water column, phosphorus inactivation is an option for control of that plant species.

Biological controls are largely illegal in Massachusetts but would convert plant biomass into useable
nutrients and promote algal blooms anyway. This is especially true of grass carp, the best known biological
plant control.

Physical controls are applicable and include manual and mechanized harvesting approaches. Mechanical
harvesting, either cutting with removal or hydroraking to get at the root systems of lilies, would be
appropriate around the periphery of the pond. This is a messy process that has been subject to increased
permitting in recent years, now being considered to be a form of dredging under certain permitting
programs in Massachusetts. Hydroraking will remove some sediment in addition to root systems, but on
a small scale, hydroraking is workable from both permitting and expense perspectives. Keeping the
removed volume to <100 cubic yards will minimize permitting needs.

Benthic barriers are sheet materials that inhibit plant growth, laid out in a target area and weighted down.
Placing benthic barrier would work but is rarely used at a scale of multiple acres. Benthic barriers are often
used to maintain access, and this might be appropriate in the dog swimming access area. It is not clear
that this is necessary, however, as the dog access area is one of just a few open water locations in Little
Fresh Pond, probably owing to use by dogs, which trample plants from early in the growing season through
early autumn.

Drawdown is not a practical option for Little Fresh Pond, nor is flooding to raise the water level. Dredging
has already been discussed in association with oxygen demand reduction; dredging would also greatly
reduce rooted plant abundance, but the expense is hard to justify.
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The practical options for plant removal therefore include phosphorus inactivation to limit coontail growth
and mechanical harvesting or hydroraking for water lily control. Benthic barrier might be considered for
placement to prevent plant growth in select areas like the dog swimming access area or where Eurasian
watermilfoil shows signs of increasing, but the need is not certain, and this would be a back-up option.
Hand pulling of targeted plants, such as Eurasian watermilfoil to prevent expansion, may also be advisable
if such expansion is observed.

Mechanical harvesting rarely lasts for more than a season, as root systems are left in place and most will
allow regrowth of plants within the year of harvest. However, a small harvester could be purchased and
used in Little Fresh Pond to keep all rooted plants under reasonable control. Such a machine could also
be used at Black’s Nook or any other waterbody where reduced rooted plant abundance was desired.
Contract harvesting is also a possibility but is more costly over a longer period of application and getting
the services when needed can be challenging.

Cutting of a roughly 3-acre area of dense plants would take about a week, so use would be periodic, but
at least two cuts per summer should be anticipated. A small machine with accessories to facilitate plant
removal would cost on the order of $150,000. Labor and maintenance would be additional costs, and the
useful lifespan of a harvester is between 10 and 20 years. There are multiple designs available, and
reliability and maintenance needs are suggested as the most important factors in a choice as breakdowns
are common with less expensive harvesters and result in considerable downtime.

Hydroraking would provide a longer duration of benefits with regard to water lilies, but would not be
particularly effective against coontail, which does not depend on its root system for annual regeneration.
Regrowth of water lilies to nuisance levels after hydroraking usually takes about four years. It is not
necessary or desirable to remove all the water lilies, and no more than three quarters of the area covered
now might be addressed, so up to an acre of Little Fresh Pond would be targeted. The contract cost of
such an operation would be on the order of $15,000 to $20,000. Owning a hydrorake for use in a limited
area once every few years is less advantageous than contracting for the service. Note that if Black’s Nook
is not going to be dredged anytime soon, hydroraking the lotus plants in Black’s Nook might be considered
as part of the same contract for hydroraking at Little Fresh Pond.

Phosphorus inactivation provides an interesting option for coontail control. Application of aluminum
products can bind phosphorus in the water column and surficial sediment, limiting release of phosphorus
from the sediment under low oxygen conditions and greatly reducing availability for algae and plants that
get their nutrition from the water column. This strategy is often used to minimize cyanobacteria blooms
and has been used successfully to control the growth of coontail and duckweed. In a 1-acre pond in
Centennial Park in Wellesley, also used for dog swimming along a popular public path, treatment in June
each year has minimized coontail growth and maximized water clarity for almost a decade. In an
ornamental pond at a convention center in Madison, WI, similar results were achieved for two years, but
when treatment was stopped in the third year, the coontail grew back rapidly. So such treatment becomes
a maintenance measure, necessary on an annual basis.
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Typically the dose applied is not in excess of 5 mg/L of aluminum, usually as aluminum sulfate or
polyaluminum chloride. Treatment of Little Fresh Pond would require up to 100 kg (220 Ibs) of aluminum.
For the typical aluminum sulfate formulation, that would require up to 450 gallons of product at a cost of
about $2/gallon, or <$1000 for materials. Less polyaluminum chloride would be needed, but at a higher
unit cost, so the overall cost would be similar. The choice of aluminum product is often based on its effect
on pH, but with high alkalinity in Little Fresh Pond, the less expensive aluminum sulfate should work well
with minimal adverse impact. Application could be with a commercial tree sprayer, the type of equipment
used in arborist work and often available within a municipal DPW. Application would be at a time when
plant biomass was low, allowing better interaction with the water column and sediment, mostly likely in
April or early May. No impact on terrestrial vegetation or golf course turf is expected from irrigation water
treated with alum.

It may require a couple of years to achieve the desired effect, but it is likely that for a relatively small
annual expense, coontail could be much reduced, allowing for better mixing in the water column and less
of a low oxygen zone. There may or may not be a need for some sort of oxygenation, and that could be
determined through monitoring after aluminum treatments. The main concern with removing coontail is
the potential for algal blooms in the open water, but the inactivation of phosphorus should prevent this.
There is some potential for benthic algal mats to form and eventually rise in the water column, especially
since the first few treatments will not be large enough to inactivate all phosphorus in the surficial
sediment, but in the experience of WRS this has only been a significant issue in one lake treated annually
for phytoplankton and water clarity management, and in that case no significant odor or toxicity has been
experienced.

If coontail is controlled and oxygen is higher in the water column, removal of water lilies may not be
necessary. Some removal might be advantageous in the south end of the pond frequented by dogs, but
any removal effort could wait until after coontail control efforts and results have been assessed.

If more open water in the dog access area is desired, benthic barrier could be installed at a cost of roughly
S1/square foot. No more than about 10,000 square feet would be needed, the materials are very durable,
and maintenance would be limited to flipping the barrier or removing, cleaning, and re-installation once
every other year or once every third year. The labor cost would be about the same as the material cost,
suggesting up to $20,000 the first year and $10,000 every second or third year thereafter. Benthic barrier
would also be appropriate for Eurasian watermilfoil control if any expansion is observed as a result of
other plant control efforts.

Hand pulling would be an option in limited areas, including the dog access area and where any Eurasian
milfoil expansion is observed. A cost of about $5000/year is suggested for labor, but as with benthic
barriers or hydroraking, this may not be necessary and any application can wait for follow up evaluation
of the success of coontail control on oxygen, odors, algae, and other key pond features.
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Management Recommendations

With the stated goals of reducing odor and avoiding toxicity, the key need is increased oxygen in Little
Fresh Pond. However, no oxygenation approach is likely to work without control of the dense rooted
plants, most notably coontail, which covers 63% of the pond area and fills about half the pond volume.
Coontail may be controlled by a simple annual addition of an aluminum product to inactivate phosphorus,
as coontail gets most of its nutrition from the water column, much like algae. Phosphorus inactivation will
prevent phytoplankton blooms as well, a risk when dense plants are removed but no control over
nutrients is exercised. A reduction in coontail density through phosphorus inactivation may be all that is
needed to get adequate oxygen into the water column and should not cost more than several thousand
dollars per year, including materials and labor.

It may not be necessary to control water lily growths, as they are peripheral, depth limited, and not likely
to expand further. However, lily coverage is substantial, and some reduction might be desirable, mainly
at the south end where dogs swim and people most often interact with Little Fresh Pond. Contract
hydroraking could provide about four years of relief at a cost of up to $20,000 per acre, with no more than
an acre addressed and possibly much less. Hydroraking is a messy operation, creating turbidity in the
water and resulting in substantial plant and sediment biomass requiring disposal, but on a small scale, it
could improve pond condition. If coontail control by phosphorus inactivation does not provide all desired
benefits, hydroraking could be applied. If hydroraking is conducted, it should be prior to the aluminum
treatment for coontail control in any year, as the aluminum treatment will reduce resultant turbidity and
phosphorus availability.

Note that opening the central area by aluminum treatment effect on coontail or peripheral areas by
hydroraking of water lilies will create available substrate for colonization by invasive species, most notably
Eurasian watermilfoil, already present in Little Fresh Pond at a very low density and restricted distribution.
Hand pulling or benthic barriers could be applied to existing or new Eurasian watermilfoil growths to
minimize the probability of spread, although that action could wait until monitoring suggests a need. Yet
if milfoil coverage increases, rapid response is essential to avoid a problem as severe as the current
excessive rooted plant growth. A cost of up to $10,000 for benthic barrier installation is suggested, split
evenly between materials and labor, but that is a maximum and the actual need may be much less. Hand
pulling would cost about $1000 at current milfoil density, but could increase to $5000 within a year if
expansion is observed and not promptly addressed.

If control of rooted plants does not result in adequate oxygen in the water column of Little Fresh Pond,
installation of fountain circulators with a capacity approaching 3000 gpm is recommended. These would
be aesthetically pleasing in the Little Fresh Pond setting and would circulate enough water to ensure
adequate oxygen and minimize any threat of odor. Cyanobacteria are often also controlled by such
circulation, an added benefit that supports the goal of avoiding toxicity. If such a system was installed,
aluminum application could be through a feed line into the fountains, negating the need to apply the
aluminum product by other means. The cost of appropriate fountain circulators could be on the order of
$350,000 with an operation cost of up to $100 per day. The need should therefore be ascertained before
employing this approach, but if applied, do not undersize the circulation system, as circulating
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inadequately oxygenated water can make conditions even worse than they currently are. It is possible
that a sufficient system could cost as little as $100,000, but not likely less, and building in extra capacity
is essential to successful operation under the range of likely conditions.

Management recommendations and priorities are summarized in Table 11. Control of coontail with an
inexpensive phosphorus inactivation treatment in early spring is the top priority and could achieve the
overall goal with no further action. If further increase in oxygen is needed, a fountain aeration system
could be installed at considerably greater expense and would enhance circulation and oxygen levels. While
less expensive systems may be available, undersizing a circulation system can make conditions worse, so
caution is advised. Phasing in such a system at less immediate cost is possible with adequate monitoring
and rapid response to undesirable conditions.

Additional plant removal targeting water lilies, mostly at the southern end of the pond, might be
advantageous and would best be accomplished with a contract hyrdoraking project. Such a project should
be conducted just prior to the phosphorus inactivation effort in any year to minimize water quality impacts
of hydroraking. Benthic barriers and hand pulling should be applied if Eurasian watermilfoil expands or
other invasive species are detected.

Table 11. Management Option and Recommendation Summary

Management Option Recommended |Priority Order Cost Estimate
Oxygen Increase

$100,000-$350,000
capital, up to $10,000/yr
Fountain aerators X 2 operational
Submerged air diffusion system for mixing
Non-destratifying oxygen input system
Oxygen Demand Decrease
Dredging
Rooted Plant Control
Herbicide application for any rooted plant control

P inactivation for coontail control X 1 $2000/yr
Harvesting for any rooted plant control

Hydroraking for water lily control X 3 Up to $20,000/4 years
Benthic barrier for targeted rooted plant control X 4 $10,000 (material/labor)

Hand pulling for targeted plant removal X 5 $1000-$5000
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