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/ Introduction

" Singletary Lake is a 330 acre, moderately deep, mesotrophic lake. Three unnamed tributaries

| and numerous storm drains, draining a watershed of more than 2290 acres, feed Singletary Lake.
The watershed encompasses two municipalities, Millbury and Sutton, with the greatest portion of
[ the watershed located in Sutton. The majority of flow enters via the south-bay tributary. Water
leaving the lake discharges to several smaller ponds, and finally to the Blackstone River. The
watershed is sparsely developed, except for the immediate shoreline and Sutton Center, that are

{ highly developed. Undeveloped areas are primarily wooded and open land, with a portion of the
. watershed located in the Merrill Lake State Reservation.

( _ Singletary Lake is used extensively for recreational purposes including swimming, boating and
' fishing. Public access is provided by a State boat ramp located in Millbury, and at a Town
r swimming beach in Sutton. The boat ramp is used extensively during the summer by
[ recreational users and fishermen, and the lake hosts a number of bass tournaments. Historically,

the lake has exhibited symptoms of eutrophication including:

e periodic algal blooms;

reduced transparency; and

infestations of nuisance exotic (non-native) aquatic vegetation species that have impaired
recreational water uses and important aesthetic and wildlife habitat functions.

e,
Lover.
[ J

[: Because of the importance of Singletary Lake as a multiple use resource the Lake Singletary
Watershed Association in cooperation with the Towns of Sutton and Millbury, has actively
worked towards the management, restoration, and protection of the lake since 1982. The

[ I Division of Water Pollution Control (DWPC) in 1984-85 completed an intensive monitoring

program of the lake and its tributaries similar in scope to a full-scale diagnostic study. This
\- information was to be used to complete a full-scale diagnostic/feasibility study using funds

ot provided by the Department of Environmental Management. As a result of state funding
cutbacks, state funding to complete the data interpretation and develop a management plan was
L eliminated in 1988. Subsequently the Lake Singletary Watershed Association retained IEP, Inc.
, to complete the diagnostic portion of the study in 1989. A final diagnostic study report was

issued in January 1991. Since that time, the Association has continued to work towards the
completion of the feasibility study and development of a lake management plan. Recent in-lake
management has focused largely on the control and eradication of infestations of Eurasian and
variable watermilfoil, exotic, nuisance aquatic plants.

m

Matching funds were awarded to the Town of Sutton, to complete a lake management plan for
Singletary Lake under the newly revamped state lakes funding program. The goal of this project
is to draw together the wealth of existing information to serve as the basis for a comprehensive
analysis of available management and restoration options, culminating in a recommended
management program.

pm—
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This report documents the findings of the Singletary Lake Management Project. Fugro identified
the management needs for Singletary Lake, analyzed alternatives, and the developed a
recommended management plan tailored specifically for Singletary Lake.

Identification of Management Needs
Historical Perspective

Singletary Lake has been the subject of investigations and varied management efforts. Water
levels were historically managed by the Windle Mills, and by the Whittinsville Water Company
for a 10 year period beginning in the early 1980’s. About 3 years ago, water level control rights
were assumed by the Town of Millbury. The lake served as a significant recreational resource
since the early 1900°’s. While Singletary Lake was classified as mesoeutrophic, the Lake is
exhibiting various problems commonly associated with the eutrophication process. Problems
experienced at Singletary Lake include:

e Rooted plant growths have not changed significantly in composition over time. However,
Eurasian watermilfoil (Myriophyllum spicatum), an invading nuisance species has become
more prevalent.

e A second invasive, non-native species of rooted aquatic plant, variable watermilfoil
(Myriophyllum heterophyllum), was documented in a 1991 vegetation survey.

e Periodic low transparency, attributable to algae and possibly suspended sediments that
adversely affect recreational utility.

Considering past investigations of Singletary Lake and its watershed, the causes and constraints
associated with the above problems have been defined as follows:

e The persistence and expansion of Eurasian watermilfoil and variable watermilfoil within
Singletary Lake are largely related to the aggressive growth characteristics of this plant; and
possibly from re-introduction from non resident-boats or waterfowl. Resident boats may
contribute the expansion of infestation by transporting plant fragments from colonized areas
to previously uncolonized areas.

e Sediment enters from the watershed and is also generated organically within the lake.
Sediment accumulations allow many rooted species, native and non-native, to expand
coverage. There is enough nutrient-rich sediment in the lake now to support dense rooted
plant growths without any future watershed inputs.

e Periodic algae blooms appear to be a consequence of nutrient inputs from the watershed,
principally from stormwater runoff and septic system inputs.

e Eleven primary storm drains were identified during the Diagnostic Study that discharge
directly to the lake. However, other drains probably exist.

Singletary Lake Management Plan Page 2
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e Of the estimated 151 dwellings located within 300 feet of the lake, 67% utilize septic
tank/leachfield systems for wastewater disposal, 27% have cesspools, and 1% utilize
an outhouse.

e 47% of the wastewater disposal systems were reported to have been in use for more
than 20 years; 80% in use for more than 10 years.

e 50% of the property owners pumped out wastewater disposal systems less than once
in S years.

e Historic monitoring data reveal phosphorus concentrations within the lake may vary
greatly, ranging from <0.01 to 0.17 mg/1 at the surface. There has been a limited
amount of sampling completed since the 1984-85 diagnostic study. Typically this
sampling has been limited to one sample collected during the summer or autumn of
any given year. Again, this sampling data exhibits a substantial variability in
phosphorus concentrations, ranging from <0.01 to 0.12 mg/1 at the surface. Such
limited one time sampling data must be interpreted in light of historic data. A single
sample is only representative of the conditions on the date of sampling. There is
inherent uncertainty and potential error associated with sample collection, laboratory
analysis, and natural variability over time and space. Therefore, no single sample
result should be given too much weight in the decision making process. A summary
of available data is provided in Appendix A. ’

e Algal blooms have included bluegreen, diatoms, and green algae, with the bluegreens causing

most of the blooms requiring treatment. Phosphorus limits algal growth. Other factors such

as light may be important controls on algae in Singletary Lake as well. However, phosphorus

is the factor with the greatest potential for control in this system, and could be made to limit
algal growth.

e The largely undeveloped nature of the watershed minimizes the frequency and magnitude of
current problems, but suggests a high potential for increased nutrient loading with future
development. Therefore, it is appropriate that management goals focus on long-term
protection as well as correction of current problems.

Management Goals
Setting a Numeric Load Reduction Target

In order to slow the process of eutrophication, it will be necessary to reduce the current loading
of nutrients (phosphorus and nitrogen) to the lake, and minimize future increases in loading to
the lake. Phosphorus is the logical target of management efforts.

By controlling phosphorus levels in the lake, we seek to shift conditions in the desired direction
along the probability distribution for algal blooms, water clarity, or other dynamic lake features.
Any reduction in inputs will reduce the frequency of such problems. However, some minimum
reduction will be necessary to make a noticeable change, and an unrealistically (and possibly
unachievably) large reduction would be necessary to achieve desirable conditions at all times. A
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phosphorus load reduction sufficient to maintain water clarity at 6.5 ft during an average year
would produce greater water clarity during a dry year. Conversely, such reductions could
produce longer periods of unacceptably low water clarity during a wet year. There is a range of
loading which would be acceptable over the range of hydrologic conditions experienced in
Singletary Lake. There will always be some probability of an algal bloom or other unwanted
event. The goal of nutrient load reductions will be to minimize this risk at an acceptable cost.

Setting a phosphorus load reduction goal should be a function of choosing loading limits that
provide acceptable lake conditions over the range of typical hydrologic conditions. In terms of
actual management, it will be most economical to develop a plan that can be adjusted in response
to hydrologic changes which signal loading changes. Use of a single load limit will result in
either unnecessary expense under dry conditions or less than desirable lake conditions under wet
weather hydrology. It is advisable to evaluate the ability of various load reductions to achieve
desired lake conditions under the range of expected hydrologic conditions.

A minimum water clarity of 4 ft, measured as Secchi disk transparency (SDT), is the safety
standard for contact recreation in waters of Massachusetts, and is an appropriate minimum
acceptable level. Water clarity has typically exceed this limit in the past, with few reported
transparencies below 6.5 feet. Therefore, a goal of 6.5 feet minimum transparency is an
appropriate target for your management efforts.

For a given lake, the range of phosphorus loads over which water clarity problems appear and
become severe (permissible and critical load limits) is dependent upon the unique hydrologic
features of the lake (Vollenweider, 1975). Nutrient loading and trophic state modeling for
Singletary Lake are provided in Appendix B. The permissible phosphorus load for Singletary
Lake is estimated at 144 kg/yr (318 Ibs/yr). The critical load, above which water clarity
problems would be expected on a regular basis, is calculated to be 288 kg/yr (635 1bs/yr) for
Singletary Lake. Based on knowledge gained from other Massachusetts lakes, these are reliable
estimates of the range of loading over which water clarity deteriorates.

The average load to Singletary Lake (383 kg/yr or 844 1bs/yr) exceeds the critical and
permissible loads. The range of estimated phosphorus loads (330 to 530 kg/yr or 727 to 1168
1bs/yr) exceeds the critical range for Singletary Lake (Table 1). Phosphorus load supports algae
production in the lake, as measured by chlorophyll concentrations. Water clarity (secchi depth)
is affected by the amount of algae in the lake, but also other factors such as suspended solids and
natural water color. The range of water clarity observed in Singletary Lake over at least the last
decade is understandable given the varied phosphorus loading. There have been "good" years
and "bad" years; each linked to phosphorus loading, which has in tumn been linked to the weather.
Modeling results indicate that the 6.5 foot water clarity goal would not be met about 25% of the
time under average conditions. This goal would not be met 13% of the time under dry
conditions; and 31% of the time under wetter conditions (Table 1). For comparative purposes,
the lake’s response was predicted under both pristine (pre-development) and build-out scenarios

Singletary Lake Management Plan Page 4
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SAMPLE DATA

DATE
TME

SECCHI DEPTH (M)
3 X SECCHI (M)
*3 X SECCHI > BOTTOM

SURF TEMP (*C)

BOTTOM DEPTH (M)
BOTTOM TEMP (*C)

SAMPLE DEPTH (M)
SAMPLE TEMP (*C)

DO#1
DO #2
AVE

INTEGRATED SAMPLE DATA
DEPTH: SURFACE TO (M)
TEMP (°C)

DUPLICATE
AVE

ALKALINITY
DUPLICATE
AVE

Do

" REPLICATE

AVE
TARGET”
DIFFERENCE

.LOWER LMIT

UPPER LIMIT
STATUS

Table S

Lake Singletary Water Analysis Data—LSWA/MassWWP

APRS94 MAY 94

4/30/94  6/04/94
1030 1030
260 305
780 915
1.1 158
925 945
65 12
88 9.05
65 18
103 444
10.4 424
10.4 434
78 915
123 7
667 654
NO DUP 6.45
667 650
pH LOW?
75 76
NO DUP 78
75 7.7
APR94 MAYS4
43004 G494
712 7.68
700 .72
7.06 7.70
724 750
018 0.1
652 683
796 835
oK - OK
7.42 658
740 66l
7.41 6.60
734 708
007 048 .
704 678
764 738
oK Low
88 38
8.4 39
86 39
9.13 4.1
05 025
6.13 1.1
12.13 71
oK oK

JUN 94
6/26/94

1030

425
1275
202

10.0
120

9.6
198(7)
484

588
5.36

10.1

JUL 94
7720/94
16:30

4.80
14.40
52

12.4
10.4

120
118

1.64

0.52
1.08

10(7)

24

6.87

102
10.1
102

AUG 54
8/28/94
930

3.00
9.00

208

103
10.6

9.0
LOST

492
LOST
4.92

9.0
10.6(7)
.68
6.66
6.67

163
163
163

AUG 94

SEP 94
10/01/94
- 11:15
3.00
9.00
155

98
13.7

NO SAMP
NO SAMP

NO SAMP
NO SAMP

8.0
145

6.90

1.7

78

SEP 94
10/01/54

NO SAMP
NO SAMP

7.40

741

8.6

85

OCT 94
11/4/94
1030

325
9.75
139

82
NO SAMP

7.3
133
9.24
9.04

9.14

7.0
131

6.90
pH LOW?

89
83
8.6

OCT 94
111454

028
9.24
9.26

7.06
717
712

11.6
1.4
115

AVE

3.42

175

10.7

109

59

. 18.6

678

8.7
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period that result in an increase in the water elevation, the drawdown levels should be
restored as soon as possible.

. Refill: Refilling the pond should typically begin on or about February 1. In no case should

refill be initiated any later than February 15. A minimum outflow of 0.5 cfs should be
maintained during the refill period. Refill to normal pool elevation should occur within 14 to
90 days under most circumstances. Initiating refill prior to ice-out will disrupt ice cover, and
may pose a risk to any docks or other structures present along the shoreline. However, this
may be a necessary risk to ensure refill by mid-April.

. Monitoring and Inspections: The following program of inspections and monitoring should

be conducted in conjunction with the implementation of drawdown. This monitoring and
inspection program is designed to guide the drawdown program implementation as well as to
provide an early detection mechanism for potential impacts to the adjacent municipal wells.

o Well Monitoring - During the period of drawdown residents should periodically
monitoring water levels in their wells, or check water flows to ensure than sufficient
water is available in the well. If adverse impacts are noted, the drawdown should be
halted and refill initiated until measures can be taken (e.g., installing deeper well points).

e Vegetation Survevs - Annual vegetation surveys should be completed to document the
areal coverage and species distribution of aquatic plants. Plant surveys should be
conducted in mid to late summer to assess conditions under maximum plant coverage.

o Pond Water Level - The water level of the pond should be measured at a fixed location on
a daily basis during dewatering and refill, and weekly during the period of drawdown.
Supplemental water level measurements should be made following significant rain events
(greater than 0.5 inches) or snow melt periods to adjust outflow rates to maintain
drawdown water levels during the drawdown period.

e Qutlet Channel Inspection - During the dewatering period, the downstream channel

should be inspected for evidence of scouring or flooding and the discharge rate reduced
as necessary to prevent such conditions. The outlet channel must be kept clear of
obstructions.
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