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Introduction 

Singletary Lake is a 330 acre, moderately deep, mesotrophic lake. Three wmamed tributaries 
and numerous storm drains, draining a watershed ofmore than 2290 acres, feed Singletary Lake. 
The watershed encompasses two municipalities, Millbury and Sutton, with the greatestportion 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. Undevelopedareas 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 recreationalpurposes including swimming, boating and 
fishing. Public access is provided by a State boat ramp located in Millbury, and at a Town 
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 eutrophicationincluding: 

•	 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. 

Because of the importance of Singletary Lake as a multiple use resource the Lake Singletary 
Watershed Association in cooperationwith the Towns ofSutton and Millbury, has actively 
worked towards the management, restoration, and protection of the lake since 1982. The 
Division of Water Pollution Control (OWPC) 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 
provided by the DepartmentofEnvironmental Management. As a result of state funding 
cutbacks, state funding to complete the data interpretation and develop a managementplan was 
eliminated in 1988. Subsequently the Lake Singletary Watershed Association retainedIEP, 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 managementplan. Recent in-lake 
management has focused largelyon the control and eradication of infestations of Eurasian and 
variable watermilfoil, exotic, nuisance aquatic plants. 

Matching funds were awardedto the Town of Sutton, to complete a lake managementplan for 
Singletary Lake under the newly revamped state lakes funding program. The goal ofthis 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. 
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This report documents the findings of the SingletaryLake ManagementProject. Fugro identified 
r the management needs for SingletaryLake, analyzed alternatives, and the developed a 
j , recommended management plan tailored specificallyfor SingletaryLake. 

Identification of Management Needs 

Historical Perspective 

Singletary Lake has been the subjectof investigationsand varied management efforts. Water 
levels were historically managedby 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 commonlyassociatedwith the eutrophicationprocess. Problems 
experienced at Singletary Lake include: 

•	 Rooted plant growths have not changedsignificantly in compositionover time. However, 
Eurasian watermilfoil (Myriophyllum spicatum), an invading nuisance species has become 
more prevalent. 

•	 A second invasive, non-nativespeciesof rooted aquatic plant, variable watennilfoil 
(Myriophyllum heterophyllum), was documented in a 1991 vegetation survey. 

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

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

•	 The persistenceand expansionof Eurasian watermilfoil and variable watermilfoil within 
Singletary Lake are largely relatedto 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 uncolonizedareas. 

•	 Sediment enters from the watershed and is also generated organicallywithin the lake. 
Sediment accumulationsallowmany rooted species, native and non-native, to expand 
coverage. There is enough nutrient-rich sediment in the lake nowto support dense rooted 
plant growths without any future watershed inputs. 

•	 Periodic algae blooms appearto be a consequence ofnutrient inputs from the watershed, 
principally from stormwaterrunoffand septic system inputs. 

•	 Eleven primary storm drainswere identifiedduring the Diagnostic Study that discharge 
directly to the lake. However, other drains probably exist. 
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•	 Of the estimated lSI dwellings located within 300 feet of the lake, 67% utilize septic 
tankIleachfield systems for wastewater disposal, 27% have cesspools, and I% utilize 
an outhouse. 

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

F	 • 50% ofthe propertyownerspumpedout wastewater disposal systems less than once 
in 5 years. 

• Historic monitoringdata revealphosphorus concentrations within the lake may vary 

C greatly, ranging from<0.01 to 0.17 mg/l at the surface. There has been a limited 
amount of samplingcompleted sincethe 1984-85 diagnosticstudy. Typically this 

r	 sampling has been limitedto one samplecollected during the summer or autumn of 
any given year. Again, this samplingdata exhibits a substantial variability in 

Q 
phosphorus concentrations, rangingfrom <0.01 to 0.12 mg/l 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 conditionson the date of sampling. There is 
inherent uncertainty and potentialerror associatedwith sample collection, laboratory 
analysis, and natural variability over time and space. Therefore, no single sample o	 result should be giventoo much weight in the decision makingprocess. A summary 
of available data is providedin Appendix A. 

•	 Algal blooms have included bluegreen, diatoms, and green algae, with the bluegreens causing o most ofthe blooms requiring treatment. Phosphorus limits algal growth. Other factorssuch 
as light may be importantcontrols on algae in SingletaryLake as well. However, phosphorus 

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

• The largely undeveloped nature of the watershed minimizes the frequency and magnitudeof
" 
.",t 

">r current problems, but suggests a high potential for increasednutrient loading with future 
~; ~ 

development. Therefore, it isappropriate that managementgoals focus on long-term 

(,
 protection as well as correction of currentproblems.
 

Management Goals 

L, Setting a Numeric Load Reduction Target 

C'
 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 loadingto 
the lake. Phosphorus is the logical target of management efforts. 

C 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. 

r 
o 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 reductionwould be necessary to achieve desirable conditions at all times. A 

v.. 
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phosphorus load reductionsufficient to maintain waterclarity at 6.5 ft during an average year 
would produce greater waterclarityduring a dry year. Conversely, suchreductionscould 
produce longer periods of unacceptably lowwaterclarityduring a wetyear. There is a range of 
loading which would be acceptable overthe rangeof hydrologic conditions experienced in 
Singletary Lake. There will always be someprobability of an algal bloomor other unwanted 
event. The goal of nutrient loadreductions will be to minimize this riskat an acceptable cost. 

Setting a phosphorus load reduction goal shouldbe a function ofchoosing loading limits that 
provide acceptable lake conditions overthe rangeof typical hydrologic conditions. In terms of 
actual management, it will be mosteconomical to develop a plan that can be adjusted in response 
to hydrologic changes whichsignal loading changes. Use of a single load limit will result in 
either unnecessary expense underdry conditions or less than desirable lake conditions under wet 
weather hydrology. It is advisable to evaluate the ability ofvarious load reductions to achieve 
desired lake conditionsunder the rangeof expected hydrologicconditions. 

A minimum water clarityof4 ft, measured as Secchi disk transparency (SD1), is the safety 
standard for contact recreation in waters of Massachusetts, and is an appropriate minimum 
acceptable level. Waterclarityhas typically exceedthis limit in the past, with few reported 
transparenciesbelow 6.5 feet. Therefore, a goal of 6.5 feet minimumtransparency is an 
appropriate target for your management efforts. 

For a given lake, the range of phosphorus loads overwhich water clarity problemsappear and 
become severe (permissible andcritical load limits) is dependent uponthe uniquehydrologic 
features ofthe lake (Vollenweider, 1975). Nutrientloading and trophic state modeling for 
Singletary Lake are providedin Appendix B. The permissiblephosphorus load for Singletary 
Lake is estimated at 144kglyr (318 lbs/yr). The critical load, above whjch water clarity 
problems would be expectedon a regular basis, is calculated to be 288 kg/yr (635 lbs/yr) for 
Singletary Lake. Based on knowledge gained fromother Massachusetts lakes, these are reliable 
estimates of the range of loading overwhichwaterclaritydeteriorates. 

The average load to Singletary Lake(383 kg/yr or 844lbslyr) exceeds the critical and 
permissible loads. The rangeof estimated phosphorus loads (330 to 530kg/yr or 727 to 1168 
lbs/yr) exceeds the critical range for Singletary Lake(Table 1). Phosphorus loadsupports algae 
production in the lake, as measured by chlorophyll concentrations. Water clarity (secchi depth) 
is affected by the amountofalgae in the lake, but also other factors suchas suspendedsolids and 
natural water color. The rangeof waterclarityobserved in Singletary Lake over at least the last 
decade is understandable giventhe varied phosphorus loading. Therehave been "good" years 
and "bad" years;each linkedto phosphorus loading, which has in tum been linked to the weather. 
Modeling results indicatethat the 6.5 foot waterclaritygoal would notbe met about 25% ofthe 
time under averageconditions. This goal would not be met 13%of thetime under dry 
conditions; and 31% of the timeunderwetterconditions (Table 1). Forcomparative purposes, 
the lake's responsewas predicted under both pristine(pre-development) and build-outscenarios 
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period that result in an increase in the waterelevation, the drawdownlevels should be 
restoredas soonas possible. 

S.	 Refill: Refillingthe pond should typicallybeginon or about February 1. In no case should 
refillbe initiatedany laterthan February 15. A minimum outflowofO.S cfs should be 
maintained during the refill period. Refill to normalpool elevationshould occur within 14 to r 

!	 90 days under most circumstances. Initiating refill prior to ice-outwill disrupt ice cover, and 
may pose a risk to any docksor other structures present along the shoreline. However, this 
may be a necessary risk to ensure refill by mid-April. 

6.	 Monitoring and Inspections: The following program of inspections and monitoring should 
be conductedin conjunction with the implementation ofdrawdown. This monitoringand 
inspectionprogram 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. 

•	 Well Monitorini - Duringthe period of drawdown residents should periodically 
monitoring water levels in their wells, or check water flows to ensure than sufficient 
water is availablein the well. If adverse impactsare noted, the drawdown should be 
halted and refill initiated until measurescan be taken (e.g., installing deeper well points). 

•	 Vegetation Surveys - Annualvegetationsurveys should be completed to documentthe 
areal coverageand species distributionof aquatic plants. Plant surveys should be 
conductedin mid to late summerto assessconditions under maximumplant coverage. 

•	 pond Water Leyel - The water level of the pond should be measuredat a fixed locationon 
a daily basis duringdewatering and refill, and weekly during the period of drawdown. 
Supplemental waterlevel measurements should be made following significantrain events 
(greater than 0.5 inches) or snow melt periods to adjust outflowrates to maintain 
drawdownwater levels during the drawdown period. 

•	 Outlet Channel InsPection - Duringthe dewatering period, thedownstream channel 
should be inspected for evidence ofscouring 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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