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3.3 SEDIMENT 

3.3.1 Sediment Quality 

Sediment samples were collected at Station 1 in Singletary Lake on October 9, 
1985. The results of sediment sampling are included in Appendix B. Based on 
the single sediment sampling, sediments can be classified as Category Two, Type 
A, under the Massachusetts DEQE's dredging permit program (Section 27 (12) of 
the Massachusetts Clean Waters ActG.L. c. 21)., however sediment conditions do 
not warrant dredging in Singletary Lake. In general, Singletary Lake sediments 
were similar to other Massachusetts lakes with respect to metal concentrations, 
however Kjeldahl nitrogen and total phosphorus concentrations were 50 and 125 
percent greater than average values reported by the DWPC for Massachusetts 
Lakes. 

3.3.2 Sediment Happing 

Sediment probing was done simultaneously with bathymetric mapping by pushing a 
20-foot aluminum rod into the sediment until it reached a point of refusal. No 
sediment probing was done in areas greater than 20 feet in depth. A sediment 
thickness map was prepared from the sediment probing data (Figure 6). Of the 
areas surveyed, sediment thickness ranged from less than 1.6 feet (0.5 meters) 
to greater than 6.5 feet (2 meters). The greatest sediment deposits observed 
were located at the northern and southern ends of the lake in cove areas. 
Sediment deposits in the northern coves may be associated with the high number 
of storm drains discharging to the lake in this area. 
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4.0 AQUATIC ECOLOGY
 

4.1 PHYTOPLANKTON AND CHLOROPHYLL A 

Phytoplankton biomass and community composition are excellent indicators of 
water quality and trophic conditions within lakes and ponds (Vollenweider and 
Kerakas, 1980). Chlorophyll a is a photosynthetic pigment found in all green 
plants, which can be used to estimate phytoplankton biomass and productivity. 

Phytoplankton counts during 1984-85 indicate that the highest biological 
production at Station 1 occurred in mid-May and again in October. Algal 
populations were extremely low during the summer in Singletary Lake, with an 
average of 638 natural units/mI. Diatoms were the dominant alga from October 
through mid-June, when green algae became dominant. A seasonal shift from green 
algae in the summer to diatoms during the fall and winter are typical in 
temperate lakes and ponds (Palmer, 1977). The most common diatoms observed 
throughout the study period were Asterionella, Fragilaria, Tabellaria, and 
Synedra. 

Water transparency problems may occur when phytoplankton counts exceed 1000 to 
1500 natural units/ml (Commonwealth of Massachusetts, 1978). Phytoplankton 
densities reached these levels on only 1 of 7 sampling rounds during the summer, 
but were in this range on 8 of 9 sampling rounds throughout the remainder of the 
year. Algal densities of less than 500 natural units are representative of good 
water quality, according to the Commonwealth of Massachusetts (1978), and 
densities in Singletary Lake were below this level on 3 of 17 sampling rounds. 

Chlorophyll-a concentrations, in general, were low during the summer 
corresponding with low phytoplankton populations. However, a comparison of 
chlorophyll-a and phytoplankton numbers indicates a discrepancy between these 
two parameters. Generally, a direct relationship between these two parameters 
might be expected. Surprisingly, the highest chlorophyll-a concentration 
observed on August 21, 1985 coincides with a low plankton count of 535 natural 
units/mI. Similarly, the highest phytoplankton numbers occurring on May 13, 
1985 coincides with a low chlorophyll-a concentration. This discrepancy may be 
attributed to the variability in the physiological condition of the 
phytoplankton which may result in variable chlorophyll content within individual 
algal cells (Wetzel, 1983). 

Transparency is measured by lowering a black-and-white circular disk, called a 
secchi disk, into the water on a string and recording the depth at which it can 
no longer be seen. High transparency indicates low suspended solids, water 
color, and/or phytoplankton numbers. Transparency in Singletary Lake were 
greater than 2 meters on all sampling occasions, with a average summer 
transparency of about 3 meters during 1984-85. 
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4.2 AQUATIC VEGETATION 

On August 6, 1985, an aquatic vegetation survey was made by the Division of 
Yater Pollution Control (DYPC). The survey was completed by slowly cruising the 
shoreline in a boat, using a viewing box to locate and determine densities of 
underwater aquatic plants. A long handled rake was used to collect selected 
macrophytes for identification. 

Dominant aquatic plant species was water celery (Vallisneria americana), with 
lesser populations of macroscopic alga, Nitella sp. and Chara sp. In all cases, 
macrophyton were concentrated in bay and cove areas near~inlet and outlet of 
Singletary Lake. Elodea sp. (waterweed) was found in the west shore bay area in 
moderate abundance. A recent inspection/survey by Aquatic Control Technology, 
Inc. in June 1987 suggests that macrophyte populations have not increased 
considerably since the 1985 DYPC survey. A small population of the nuisance 
aquatic plant, Myriophyllum sp. (Milfoil), was observed during the 1987 survey 
in a small cove area on the southern shore of the pond, comprising less than one 
acre in total coverage. None of the plant genera present in the pond at this 
time pose a nuisance to recreational uses of the pond. 

Another visual re-survey was conducted by IEP, Inc. on October 3, 1989. This 
survey indicated a small population of Myriophyllum, Vallisneria, and 
Utricularia species within the coves. However, some of the plant populations 
may have died back by this time, as compared to the previous mid-summer 
vegetation survey. 

4.3 FISHERIES ASSESSMENT 

A review was completed of the Massachusetts Division of Fish and Yildlife 
records of stocking and fisheries inventories of Singletary Lake. The division 
has maintained records on Singletary Lake since 1911, with the most recent 
report compiled in August 1978. During the 1978 survey, 470 fish of 11 
different species were collected. Dominant species were yellow Perch (Perca 
flavescens) and white perch (Morone americana), with moderate abundance~ 
largemouth bass (Micropterus salmoides) and smallmouth bass (Micropterus 
dolomieui). Table 4 provides a lists of the 11 species found and their relative 
abundance. The division indicated that largemouth bass population was unstable 
and their growth was poor. Results from a 1945 survey indicate that the pond 
was dominated by pumpkinseeds, yellow perch and white perch at that time. 
Conclusions from the 1945 survey suggested that yellow perch were numerous and 
stunted, and that forage fish were scarce. A 1911 survey, indicated that the 
pond was dominated by largemouth bass, smallmouth black bass, pickerel, and 
yellow perch. 

Stocking data indicate an annual Spring introduction of 2000, 9 inch or greater 
rainbow trout to the pond. The survey remarked on the popularity of the pond to 
anglers, and also noted was a public boat ramp with an approximate 22 car 
parking area. In addition to rainbow trout stocking, the pond has been stocked 
with brown trout, smallmouth black bass, pickerel, white and yellow perch, 
crappie, and blue gills. 

-15­



Table 4. Fish species in order of dominance from an August 1978 sampling at 
Singletary Lake. 

COHMON NAME 

Yellow perch 
White perch 
Largemouth bass 
Smallmouth bass 
Bluegill 
Pumpkinseed 
Chain pickerel 
Rainbow trout 
Yellow bullhead 
Brown bullhead 
White sucker 

SCIENTIFIC NAMES 

Perca flavescens 
MOrODe americana 
Micropterus salmoides 
Micropterus dolomieui 
Lepomis machrochirus 
Lepomis gibbosus 
Esox americana 
Salmo gairdneri 
ICtalurusnatalis 
Ictalurus nebulosus 
Catostomus commersoni 

PERCENTAGE
 
BY NUMBER BY WIGHT 

53.2 35.4 
11.5 18.6 
7.9 15.1 
7.4 9.1 
4.7 3.6 
4.7 3.2 
4.0 4.2 
2.1 5.4 
1.3 2.0 
0.2 0.2 
0.2 3.2 
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5.0 HYDROLOGIC AND NUTRIENT BUDGETS
 

5.1 HYDROLOGIC BUDGET
 

The hydrologic budget for Singletary Lake was calculated based upon measured 
inputs and outputs, as well as other information necessary to account for water 
cycling within the pond. Details of 
C. 

these calculations are provided in Appendix 

5.1.1 Hydrologic Inputs 

Precipitation in Massachusetts, over the long-term, is evenly distributed 
throughout the year. Normal precipitation for the area was obtained from the 
Yorcester NOAA weather station (47.6 inches per year). Precipitation records 
for the year of study at this station was 37.82 inches for the period November 
1984 to October 1985, which is 9.78 inches below normal. Multiplying the 
rainfall depth during the year of study by the area of the pond (330 acres), 
yields 1003.2 acre-feet which fell directly on the lake over a one year period 
(Table 5). Precipitation accounted for about 24 percent of the water entering 
Singletary Lake, annually. 

Tributary inputs were measured at eight (8) separate locations and additions 
were determined by extrapolating the time-weighted average instantaneous 
discharge (2.311 cfs) for the 18 sampling rounds. Surface water inflows 
accounted for a total of 1673.1 acre-feet or about 41 percent of the total 
input. Yater contributions from stormwater runoff and overland flow was 
determined by multiplying the amount of precipitation that fell during the year 
of study (37.82 inches) with the land area which directly drains to the lake 
(931 acres), and assuming a 50 percent loss to evapo-transporation. On this 
basis, Surface water runoff accounted for about 34 percent (1415.1 acre-feet) of 
the annual water income (Table 5). 

5.1.2 Hydrologic Outputs 

Hydrologic outputs quantified for Singletary Lake include evaporation and 
outflow through the lakes outlet. Evaporation from the lake surface was 
calculated by multiplying a regional evaporation rate of 26 inches per year 
(Kohler et al., 1959) by the surface area of the lake (330 acres), resulting in 
an annual evaporation loss of 689.7 acre-feet from the lake or about 22 percent 
of the total outputs. Yater losses through the outlet were determined by 
extrapolating the time-weighted average instantaneous discharge (3.37 cfs) for 
the 18 sampling rounds, arriving at a surface water outflow of 2439.8 
acre-feet, or about 78 percent of the total outputs. These calculations yield 
an accounted water loss from the lake of 3129.5 acre-feet. 

Based upon the measured outflow and the pond volume, the flushing rate of the 
pond, or the number of times the entire water volume of the pond is replaced was 
calculated to be 2.8/year. Conversely, the pond's retention time (the amount of 
time water remains within the pond) is 0.36 years. A flushing rate of 2.8 times 
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per year is high. The flushing rate for natural lakes is typically on the order 
of 1.4 volumes per year (Cooke et al., 1986). The flushing rate of the lake 
affects the flow of nutrients in the pond, and subsequent growth of algae. 
Lakes and ponds that have high flushing rates, may exhibit lower algae biomass 
because algae are flushed out of the lake at a faster rate than their rate of 
growth. Additionally, the retention time is also used to determine the fraction 
of nutrients which may remain in the pond by various trophic state models. 

Table 5. Hydrologic Budget Summary for Singletary Lake 

Discharge 
Source Acre-Feet Cubic Meters Percent 

INPUTS 
Precipi tation 1003.2 1,237,427.4 24.5 
Surface Runoff 1415.1 1,745,522.6 34.5 
Tributary Inflow 1673.1 2,063,719.8 41.0 

Total Input 4091.4 5,046,669.8 100 

OUTPUTS 
Evaporation 689.7 850,690.4 22 
Surface Outlet 2439.8 3,009,405.3 78 

Total Output 3129.5 3,860,095.7 100 

5.2 NlITRIENT BUDGET 

The distribution of land use types in the watershed was used to determine 
nutrient loading. Export coefficients for total phosphorus and nitrogen were 
chosen based on the approach of Reckhow and Simpson (1980). The median 
coefficient values for each land use category were used to determine the "most 
likely" loading values, and 25% and 75% quartile coefficient values were 
designated for "low" and "high" expected loading rates, respectively. Median 
and quartile values were not available for atmospheric deposition, therefore 
values were selected from the range of coefficient values reported by Reckhow 
and Simpson (1980). These coefficients were multiplied by the areas of each 
respective land use to calculate expected total annual nutrient loads (Table 6). 
The "most likely", "low" and "high" loading values are given to account for 
variability in the watersheds that were studied to derive the coefficients, as 
well as regional variability in soil types and climatic conditions. The "most 
likely" loading value will be used to represent the expected loading, with 
"high" and "low" loading representative of extremes. 

Nutrient loads from on-site wastewater disposal systems were determined based 
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upon per capita loadings reported in the literature (USEPA, 1980a; Reckhow and 
Simpson, 1980). Questionnaires were distributed to all residences located 
within 300 feet of the lake's shoreline to obtain an estimate of the number, 
types, and period of usage. Example questionnaires, and a summary of responses 
is provided in Appendix A. A total of 151 questionnaires were distributed, and 
65 responses received, representing a 43% response. The responses received were 
assumed to be representative. 

The expected ("most likely") annual loading of phosphorus to Singletary Lake, is 
about 693 kg, with potential extremes in loading of 359 and 1446 kg of 
phosphorus depending on variability in climatic condition and regional 
conditions. About 28% of the total annual phosphorus load is exported from 
urban-residential areas. Approximately 27% of the total phosphorus export to 
the lake is associated with septic system inputs. Export from forested areas 
accounts for 24%, with pasture land (grazed and ungrazed) accounting for about 
21% of the total load. The remaining loading is attributed to atmospheric 
deposition and export from row crop agriculture. 

A "most likely" total annual nitrogen load of 7622 kg was calculated based on 
land use information. Of this total expected load, about 55% is derived from 
atmospheric deposition, and an additional 22% from forest export. Septic 
systems accounted for about 7% of the total nitrogen contributions to the lake. 
About 10% of the total was contributed by both urban-residential and pasture 
land export. Extremes in annual nitrogen load are predicted to be 4470 and 
12083 kg. 

An annual phosphorus budget was also derived by a second method using water 
quality data collected by the DWPC in 1984-85 (Table 7). Using this approach, a 
total annual load of 525 kg was calculated. Using actual water quality data 
collected during 1984-85 provides a check to the predictive estimates provided 
in Table 6. A comparison of these values indicates that the actual load in 
1984-85 fell between the "low" and "most likely" estimated for phosphorus 
loading. One may assume that while actual annual loads may vary slightly from 
year-to-year based on differences in climate conditions, the loads will likely 
fall within the predicted range (359 - 693 kg/yr). 

5.3 TROPHIC STATE 

The trophic state of a lake or pond refers to its condition with respect to 
nutrient concentrations and biological production. Chlorophyll a ( an estimate 
of algal biomass), secchi disk depth (water transparency), and total phosphorus 
concentrations can be used to identify the trophic condition of lakes and ponds. 

Carlson (1977) suggested a trophic state index (TS!) which is based upon the 
interrelationships between total phosphorus, chlorophyll a, and water 
transparency (or Secchi disk depth). The trophic state index (TS!) can be 
calcu~ated using mean summer chlorophyll ~ or total phosphorus concentrations 
(mg/m ) as well as Secchi disk transparency (meters). This index has been 
widely used throughout the United States for the classification of lake trophic 
status, and is particularly useful because it allows for the prediction of 
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changes in trophic state (i.e., improvement in water quality) corresponding to 
reductions in nutrient loading via the implementation of lake management 
techniques. The Trophic State Index ranges from 0 to 100, and values greater 
than 50 are indicative of eutrophic conditions. 

The equations for computing the Carlson TSI are as follows: 

TSISD = 60 - 14.41 In Secchi Disk (meters) 

TSICHL = 9.81 In Chlorophyll a (mg/m3) + 30.6 

TSITP = 14.42 In Total P (mg/m3) 
+ 4.15 

The TSI values calculated for Singletary Lake are as follows, based upon average 
values from the 1977 baseline survey, the 1984-85 DVPC study, and the 1989 IEP, 
Inc. supplemental monitoring: 

1977 1984-85 1989 

TSISD 44 45 60 

*TSICHL 48 a 

TSITP 57 63 b37 

* .No data avaIlable 
:Values to low for calculation 

Phosphorus concentrations during the 1989 sampling were below detection limits, 
therefore, the phosphorus concentrations were assumed to be equal to the 
detection limit for the purpose of this calculation. 

In general, the TSI's for Singletary Lake are indicative of mesotrophic to 
eutrophic conditions. The relatively high TSI based on secchi disk transparnecy 
in 1989 suggests that during this sampling period, the water transparency in 
Singletary Lake was influenced largely by non-algal material (e.g., suspended 
sediments). Because the 1977 and 1989 TSI calculations are based upon a limited 
number of samples, greater confidence should be placed on the 1984-85 TSI 
calculations. 
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Table 6. Singletary Lake Phosphorus and Nitrogen Budgets (based on Reckhow and 
Simpson 1980 method). 

A. Phosphorus 

Land Use Types Area (ha) 

Urban-residential 
Forest and Vetland 
Pasture (Grazed and 

Ungrazed) 
Agriculture (Row crop) 
Atmospheric (Direct to 

open waters) 
Septic Systems 

132 
615 
128 

24 
161 

Total 

B. Nitrogen 

Land Use Types Area (ha) 

Urban-residential 132 
Forest and Vetland 615 
Pasture (grazed and 128 

ungrazed) 
Agriculture (row crop) 24 
Atmospheric (direct to 161 
open waters) 
Septic Systems 

Total Loading 

Low 

83.2 
49.2 
32.0 

22.6 
48.3 

124.1 

359.4 

Low 

528.0 
1291.5 

294.4 

96.0 
1688.9 

570.8 

4469.6
 

Loading (kg/yr) 
Host Likely 

143.9 
123.0 
106.2 

53.3 
80.5 

186.2 

693.1 

Loading (kg/yr) 
Host Likely 

735.2 
1537.5 

665.6 

217.0 
3896.2 

570.8 

7622.3 

High 

359.0 
190.7 
340.5 

127.0 
193.2 

235.9 

1446.3 

High 

1502.2 
1968.0 
1395.2 

529.0 
6118.0 

570.8 

12083.2 
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Table 7. Singletary Lake Phosphorus Budget Summary. 

Kg P/Yr Percent
 
INPUTS
 

Precipi tation 80.5 15
 
Septic 186.2 35
 
Tributary Inflow 97.7 19
 
Direct Runoff 160.6 31
 

TOTAL 525.0 100
 

OUTPUTS
 
*Tributary Outflow 132.8 25
 

Net Retention 392.2 75
 
TOTAL 525.0 100
 

* Net nutrient retention within the lake determined by difference (total inputs 
minus total Outputs), and is representative of phosphorus losses via 
sedimentation/uptake as well as additions from internal sediment release. 

-22­


