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1.0 INTRODUCTION

Singletary Lake is located in the Towns of Millbury and Sutton, with a major
portion of the lake and its watershed in Sutton. The primary inlet to
Singletary Lake enters at the south end of the lake with secondary inlet streams
entering on the east and west shores. The outlet stream, Singletary Brook flows
out of the north end of the lake into several smaller ponds, and finally empties
into the Blackstone River. The water level of the lake is controlled by the
Whitinsville Water Company. The water company regulates the water level via a
an outlet gate at the north end of the lake. Much of the watershed has moderate
to steep slopes, and is sparsely developed, except for the immediate perimeter
of the lake which is heavily developed.

Singletary Lake is a multi-recreational use waterbody, with public access at a
state operated boat ramp located at the north end of the lake. Marion’s Camp, a
Camp Fire Girls camp, also provides public access to the lake with a swimming
beach. Water uses such as water skiing, boating, fishing, and swimming are
popular at Singletary Lake. Existing development along the shoreline as well as
more recent development within the watershed affect the water quality and
ultimately the water uses of Singletary Lake. The Singletary Lake Association
expressed concern for the lake in several areas including:

1) the potential of additional development in the near-shore area
2) over-use of the lake

3) increases in aquatic vegetation

4) poor septic tank maintenance and repair, and

5) water level regulation.

Concerns over Singletary Lake prompted the Towns of Millbury and Sutton to
obtain funding from the Commonwealth of Massachusetts Clean Lakes Program
(Chapter 628) to devise a long-term plan for water quality management based upon
the results of water quality investigation conducted by the Department of Water
Pollution Control (DWPC), which began in November 1984. However, as a result of
state funding cut-backs, monies were not available to complete the work
initiated under the original contract. Therefore, the Lake Singletary
Association retained IEP, Inc. in 1989 to complete the diagnostic portion of
this study for Singletary Lake. The primary objectives of this study were to:

1) interpret water quality data collected during the DWPC intensive
monitoring program as well as supplemental data collected under
this study

2) to identify the primary sources of nutrients to Singletary Lake; and

3) Provide guidance regarding restoration and management alternatives
for consideration during a subsequent feasibility study.

Sections 2.0 of this report provides a description of th watershed, and the
physical characteristics of the lake. Sections 3.0 and 4.0 provide a discussion
of monitoring and sampling results. Section 5.0 provides a discussion of the
current nutrient loading to the lake and the trophic state (level of
eutrophication) of Singletary Lake. A glossary is provided in Appendix D.
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2.0 LAKE AND WATERSHED DESCRIPTION
2.1 SETTING AND MORPHOMETRY

The Singletary Lake watershed comprises approximately 2620 acres (1060 hectares)
in the Towns of Millbury and Sutton (Figure 1). The watershed is bounded by
several steep hills (Potter Hill, Whittier Hill, and Freeland Hill), with
moderate to steep slopes abundant throughout the watershed. The watershed is
sparsely developed with the exception of the immediate shore area and Sutton
Center, which are highly developed. Undeveloped areas are primarily wooded and
open land. A portion of the upper watershed is located in the Merrill Pond
State Reservation and several wetlands areas were noted in the southern portion
of the watershed. Singletary Lake is a 330 acre (134 hectare) pond, fed by
three inlet streams, with a majority of the flow entering via the south-bay
stream. This inlet stream originates in a wetland area and includes a series of
small ponds upstream of Singletary Lake. Streams also enter the pond on the
east and west shores, with the west-shore inlet stream originating in a wetland
area.

The morphometry of Singletary Lake indicates that it is deep (mean depth = 7.6
meters; maximum depth = 10.7 meters), with a steeply sloping basin (Table 1).
The wvatershed to pond surface area ratio for Singletary Lake is small compared
to other natural lakes, suggesting that nutrient and sediment abatement via
vatershed control has a greater potential for success. Whereas, in lakes and
ponds with high watershed/surface area ratios, it may not be feasible to achieve
significant water quality improvements via watershed management, because of the
large area and political constraints. Shoreline development measures how the
length of the shoreline deviates from a circular shape. This is of interest
because it reflects the potential for plant communities to colonize the
shoreline. Circular ponds have shoreline development values of 1, but these
rarely occur naturally. The shoreline development value for Singletary Lake was
2.0, and implies the the pond’s shape is irregular, which favors the development
of littoral plant communities.

On January 29, 1988, bathymetric and sediment surveys were done at Singletary
Lake to update existing bathymetric maps of the Division of Water Pollution
Control (DWPC, 1977 and the Division of Fish and Wildlife, 1979). WVater depth
vas measured along 10 transects at 45 points using a calibrated aluminum rod.
In vater depths greater than 20 feet an electronic depth finder was used to
determine water depth. Data points were located 50 feet apart in near-shore
areas, and 150 feet apart in open-water areas. Transects were concentrated in
the near-shore areas, including bays and coves, as these areas were of primary
concern in the assessment of potential littoral vegetation development.
Elevation of the water at the outlet was recorded to allow for comparison with
existing bathymetric maps. The existing Division of Fish and Wildlife
bathymetric map was updated using the information collected during this survey
(Figure 2).
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Table 1. Morphometric Data, Singletary Lake

Surface Area

Maximum Depth

Mean Depth

Volume

Watershed Area

Maximum Length

Maximum Width

Shoreline Length
Watershed/Surface Area Ratio

Development of Shoreline

330 acres

35 feet

25 feet

2715 million gallons
2620 acres

6250 feet

3600 feet

26,800 feet

7.9

2.00

134 hectares

10.7 meters

7.6 meters

1,026,270 cubic meters
1060 hectares

1905 meters

1097 meters

8169 meters
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2.2 GEOLOGY AND SOILS

Bedrock under the Singletary Lake watershed is comprised of the Nashoba
formation which consists of a mixture of metamorphosed sedimentary rocks (Zen,
1983). The Nashoba formation consists of sillimantic schists and gneiss,
amphibolite, biotite gneiss, calc-silicate gneiss, marble, and partly sulfidic.
These rocks originated in marine environments during the Ordovician Period,
approximately 500 -~ 435 million years ago.

Soils in the Singletary Lake watershed were identified using information
provided by the Soil Conservation Service (SCS). The most common soil
associations in the watershed are Paxton and Canton fine sandy loam, typically
with slopes of 3-8 percent, although steeper slopes are common in some areas of
the watershed. These soils, classified as prime farmland, are typically deep
and well drained, occurring on drumlins and drumlinlike areas. These soil
associations are characterized by the SCS as having severe erosion potential and
moderate to severe limitations for septic tank absorption fields.

2.3 HISTORICAL REVIEW AND PUBLIC ACCESS DESCRIPTION

Singletary Lake has been used as a recreational resource since the early 1900’s,
primarily for fishing. During the mid 1940’s the Singletary Rod and Gun Club
was very active in improving the fisheries of Singletary Lake. Ponds located
upstream of the south-bay inlet were used for a fish hatchery in the past.

The major public access to Singletary Lake is a state operated boat ramp located
at the north end of the pond and Marion’s Camp, a Camp Fire Girls camp, which
has a swvimming beach. Adjacent to the boat ramp is a paved parking area with an
estimated 22 car capacity. There is limited access for shore fishing due to the
highly developed nature of the shoreline.

2.4 LAND USE

A land use map was developed for Singletary Lake using information from 1972
land use and vegetative cover mapping (Univ. Massachusetts, 1975). The land use
map vas field verified in January 1988 (Figure 3).

The predominant land use in the Singletary Lake watershed is forest and wetland,
which comprises 58 percent of the watershed area (Table 2). Urban-residential
land use account for 12.4 percent of the watershed, and ungrazed pasture, 10.8
percent. Urban-residential areas are concentrated along the periphery of the
pond and in Sutton Center. Grazed pasture and row crop agriculture account for
less than 5 percent of the watershed land use.
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Table 2. Land use in the Singletary Lake Watershed.

Area
Land use Acres Hectares Percent
Forest and wetland 1520 615 58.0
Urban-residential 326 132 12.4
Ungrazed pasture 284 115 10.8
Grazed pasture 3 13 1.2
Row crop agriculture 60 24 2.3
Open water . 399 161 15.3
Watershed area 2620 1060 100

2.5 SEPTIC INVENTORY

An inventory of on-site disposal practices within 300 meters of the shoreline of
Singletary Lake was conducted, using questionnaires completed by shoreline
residents. The questionnaires were distributed through the mail by the
Singletary Lake Association. A copy of the actual questionnaire as well as a
summary of responses is included in (Appendix A). The questionnaire requested
the following information:

Type, age, distance from shore and condition of the system
Maintenance procedures and regularity of pumping

. Whether the house is used year-round or seasonally

. Number of occupants

. Problems encountered with the system

. Detergent brand use

Numbers and types of water-related appliances used

NV~ WNRE

0f the 151 residences identified along the shoreline of Singletary Lake, 65
(43%) returned the completed questionnaire. Of the respondents, 67% have septic
tank/leachfield systems, 27% have cesspools, and 1% utilize an outhouse.



3.0 VATER QUALITY
3.1 BASELINE SAMPLING

A water quality study was conducted by the Division of Water Pollution Control
(DWPC) in 1984-85 on Singletary Lake. Samples were collected twice monthly from
March to September 1985 and monthly during October through April. Figure 4
shovs the locations of sampling stations used in the study. A brief discussion
of relevant findings from this water quality survey are presented in this
section. The reader is referred to Appendix B for the complete water quality
sampling results.

Temperature and Dissolved Oxygen

Singletary Lake was isothermal from November 1984 through April 29, 1985, and
became thermally stratified between April 29 and May 13, 1985. The pond
remained stratified through August 21, with "fall turnover" occurring between
August 21 and September 3. During summer stratification, low oxygen
concentrations were noted in the deep waters at Station S1, at levels which
would eliminate the hypolimnetic waters as habitat for many fish species.
Dissolved oxygen concentrations were sufficient throughout the year, in the
inlet and outlet streams, to support aquatic life and maintain the aesthetic
quality of the water.

pH and Alkalinity

Both pH and alkalinity usually were within the norms for Massachusetts lakes.
The pH within the lake ranged from 4.9 to 7.5, with no distinctive vertical
differences. Especially low pH values were observed in February and March,
possibly corresponding to influxes of meltwater, although expected increases in
chloride, nitrate, and conductance were not observed during this period. 1In
general pH values did not reach extremes which would result in the elimination
fish species. Alkalinity usually ranged from 5 to 17 mg/1l, although an
alkalinity of 51 mg/l was reported on August 21. The buffering capacity of
water is indicated by alkalinity, and influences the stability of pH. The
Massachusetts Acid Rain Monitoring Project (Godfrey et al., 1984) has classified
lakes with > 20 mg/1 alkalinity as not sensitive, 10-20 mg/l as sensitive, and
0-10 mg/l as acidified or highly sensitive to acid rain. Based upon this
classification system, Singletary Lake would be considered acid rain sensitive.

Suspended and Dissolved Solids

Total solids concentrations, which includes suspended and dissolved solids,
usually ranged from 14-89 mg/l in the pond, with one value of 550 mg/l reported
in October. Concentrations were similar in all inlet and outlet streams, except
for Station S5 (the east inlet) and Station S6 (a storm drain located at the
north end of the pond), which had extremely high total solids concentrations
(80-280 mg/1) from November through June, with a larger fraction of the total
solids as dissolved solids.
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Nutrients

Phosphorus and nitrogen are essential elements for growth of aquatic plants and
algae, and can limit plant growth if they are present in low concentrations.
Excess nutrients can stimulate excessive plant and algal growth, with an
corresponding decline in water quality (i.e., poor water clarity, excessive
sedimentation, lov dissolved oxygen, and algal blooms). Usually, phosphorus is
considered limiting (i.e., will be depleted before nitrogen during periods of
high plant productivity) if the ratio of nitrogen to phosphorus is 15:1 or
greater (USEPA, 1980). A comparison of epilimnetic total nitrogen and total
phosphorus concentrations indicate that phosphorus would be limiting to plant
and algal growth in Singletary Lake.

In general, nitrogen and phosphorus concentrations were moderate throughout the
year with very little vertical variation in the water column. Organic nitrogen
concentrations were moderate ranging from 0.34 to 1.4 mg/l. The lowest
concentration occurred in January and the highest in September. Nitrate
nitrogen concentrations were low. Concentrations ranged from 0.00 to 0.2 mg/1.
However, the highest concentration (0.2 mg/l) was observed on only one occasion
in July, 1985. Ammonia nitrogen concentrations were variable throughout the
year ranging from 0.00 to 0.44 mg/l. Total phosphorus concentrations were
moderate to high. The lowest value (0.01 mg/l) was observed during July, 1985,
in the epilimnion, while the high occurred during August, 1985, in the
hypolimnion, and may be the result of algal bodies settling in the hypolimnion
(Vetzel, 1983).

Bacteria

Fecal coliform counts are used to indicate the potential presence of harmful
bacteria or pathogens in water. Massachusetts Water Quality Standards state
that for Class B waters (waters used for primary contact), fecal coliform
bacterial counts "shall not exceed a log mean for a set of samples of 200 per
100 ml, nor shall more than 10% of the total samples exceed 400 per 100 ml
during any monthly sampling period" (314 CMR 4.00, Massachusetts Surface Water
Quality Standards). In general the more fecal coliform present, the greater the
degree of health risks associated with swimming or drinking water. Fecal
coliform counts for Singletary Lake were well within these limits, although high
counts wvere observed in three inlet streams (Stations 5, 6 and 7) on several
occasions during the Spring.

Supplemental Monitoring

Samples were collected within Singletary Lake on October 2, 1989 to supplement
the information provided by the year-long DWPC study. Samples collected from
the surface and bottom at Station 1 were analyzed for pH, alkalinity, fecal
coliform, total coliform, nitrate, Kjeldahl nitrogen, total phosphorus, and
chlorophyll-a. These data are provided in Appendix B. In general, these data
were similar to those observed during the 1984-85 sampling program.

~-11-



3.2 STORM SAMPLING

Stormvater sampling was completed by IEP, Inc. in fall of 1989 and spring of
1990. The first step in the stormwater sampling program was to identify storm
drains that discharge directly into Singletary Lake, and delineate the drainage
areas to each outfall (Figure 5, Table 3). Eleven storm drains were located
from field checking and information provided by the Towns of Millbury and
Sutton. Of these, three had been sampled regularly during the water quality
survey in 1984-85 by the DWPC. Two of these storm drains were eliminated from
the sampling program because the discharge pipes were submerged. Of the
remaining storm drains two were sampled (Stations S1 and S4). Both these drains
are located along the northern shoreline of Singletary Lake. Station S2 is a
tributary draining from Welch pond and discharging to Singletary Lake and
Station S3 is an unnamed tributary draining to Singletary Lake (Figure 5).

Parameters sampled during the two storm events include total phosphorus, total
suspended solids, and fecal coliform and fecal streptococcus bacteria. All
stations sampled were flowing when sampling occurred with the exception of
Station S4, which was dry during the fall sampling round. In general,
concentrations for all parameters, during both events, where similar (Table 3).
Total phosphorus and total suspended solids concentrations were low. Phosphorus
concentrations were below detection limits (0.01 mg/l) while suspended solids
ranged from 9 mg/l to less than 1 mg/l. Bacteria concentrations were high at
Station S2 during both sampling occasions. Station S3 had high concentrations
during the fall sampling round only.

Table 3. Singletary Lake Storm Sampling.

Station

S1 S2 S3 S4
Parameter 1989 1990 1989 1990 1989 1990 1989 1990
Total
Suspended Solids 9.0 7.0 6.0 <1.0 _ 1.0 — 3.0
(mg/1)
Total Phosphorus <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 -—— <0.01
(mg/1)
Fecal Coliform 1400 550 4 14 1050 27 - 9
(#/100ml)
Fecal
Streptococcus 1250 1650 46 15 530 450 — 100
(#/100ml)
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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 Act G.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 Mapping

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.

~13-
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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/ml. 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.

Vater 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/ml. 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.

14—



4.2 AQUATIC VEGETATION

On August 6, 1985, an aquatic vegetation survey was made by the Division of
WVater Pollution Control (DWPC). The survey was completed by slowly cruising the
shoreline in a boat, using a viewing box to locate and determine densities of
undervater 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 the inlet and outlet of
Singletary Lake. Elodea sp. (waterveed) 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 DWPC 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 reviev wvas completed of the Massachusetts Division of Fish and Wildlife
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 of
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-



Singletary Lake.

COMMON 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
Morone americana
Micropterus salmoides

Micropterus dolomieui

Lepomis machrochirus
Lepomis gibbosus

Esox americana

Salmo gairdneri
Ictalurus natalis
Ictalurus nebulosus
Catostomus commersoni

-16-

PERCENTAGE

BY NUMBER BY VEIGHT
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

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




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 these calculations are provided in Appendix
C.

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
Worcester 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. Water 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
outflov 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. Water 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
growvth., 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
Precipitation 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 8
Total Qutput 3129.5 3,860,095.7 100

5.2 NUTRIENT 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 wastewvater 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 (TSI) which is based upon the
interrelationships between total phosphorus, chlorophyll a, and water
transparency (or Secchi disk depth). The trophic state index (TSI) can be
calcu%ated using mean summer chlorophyll a 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 O 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 1n Secchi Disk (meters)
TSICHL = 9.81 1n Chlorophyll a (mg/m3) + 30.6
TSIy, = 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 DWPC study, and the 1989 IEP,
Inc. supplemental monitoring:

1977 1984-85 1989

TSISD 44 45 60
* a

TSICHL - 48 —_
b

TSITP 57 63 37

*No data available
alues 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

Loading (kg/yr)

Land Use Types Area (ha) Low Most Likely High
Urban-residential 132 83.2 143.9 359.0
Forest and Wetland 615 49.2 123.0 190.7
Pasture (Grazed and 128 32.0 106.2 340.5
Ungrazed)
Agriculture (Row crop) 24 22.6 53.3 127.0
Atmospheric (Direct to 161 48.3 80.5 193.2
open wvaters)
Septic Systems 124.1 186.2 235.9
Total 359.4 693.1 1446.3
B. Nitrogen
Loading (kg/yr)
Land Use Types Area (ha) Low Most Likely High
Urban-residential 132 . 528.0 735.2 1502.2
Forest and Wetland 615 1291.5 1537.5 1968.0
Pasture (grazed and 128 294.4 665.6 1395.2
ungrazed)
Agriculture (row crop) 24 96.0 217.0 529.0
Atmospheric (direct to 161 1688.9 3896.2 6118.0
open vaters)
Septic Systems 570.8 570.8 570.8
Total Loading 4469.6 7622.3 12083.2
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Table 7. Singletary Lake Phosphorus Budget Summary.

Kg P/Yr Percent
INPUTS
Precipitation 80.5 15
Septic 186.2 35
Tributary Inflow 97.7 19
Direct Runoff 160.6 31
TOTAL 525.0 100
OUTPUTS
s,lributary 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.
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6.0 DIAGNOSTIC CONCLUSIONS

The following summarizes the principal findings of the diagnostic study:

1. Singletary Lake is a moderately deep lake used primarily for swimming,
boating, and fishing. The shoreline is highly developed while the remainder
of the watershed is sparsely developed. The predominant land use is forest
and wetland.

2. Bathymetry (water depth) mapping revealed no notable loss of water depth as
compared to historic bathymetric maps. Bottom sediments were nutrient rich
and did not appear to be contaminated with heavy metals.

3. Singletary Lake water quality is fair, with moderate to high concentrations
of nutrients and low bacteria levels. Oxygen concentration in deep waters
(hypolimnion) were depleted during summer stratification. This oxygen
depletion is indicative of increased decomposition associated with the
eutrophication of Singletary Lake.

4. Singletary Lake is mesotrophic bordering on eutrophic based upon trophic
state modeling. The lake has a high flushing rate of 2.8 (lake volumes/
year).

5. Algae densities ranged from low to moderate, with peak densities observed in
the spring and fall.

6. Nutrient loadings to Singletary Lake indicates that the lake acts as a
phosphorus sink, retaining 75 percent of the phosphorus entering the lake.

7. Septic systems account for 27 to 35 percent of the total input of phosphorus
to the lake annually.

8. Aquatic vegetation has not reached problematic levels in most parts of the
lake, although nuisance densities were observed in some localized areas.

Based upon these findings, the recommended management plan, to be completed
under the Phase 2 contract, should focus on alternatives which accomplish two
primary objectives:

1) Control localized nuisance weed growth; and

2) Reduce nutrient inputs from the watershed.
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In addition, selected alternatives must consider the limited financial resources
available for implementation, and should be amenable to a staged implementation.
Techniques which should be given careful consideration at this time for the
control of aquatic plants are:

- mechanical harvesting and hydro-raking
* herbicide/algacide
- bottom barriers.

Vatershed management alternatives which should be considered:
- stormwater management
»+ watershed protection bylaws

+ wastewater management programs
« public education.
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Vatershed Resident Questionnaire
SINGLETARY LAKE

In 1985, the Massachusetts Division of Water Pollution Control completed a one
year study of Singletary Lake. IEP, Inc. was recently retained to review the
data and develop a management plan to preserve the quality and uses of
Singletary Lake. We find that lake residents can often provide valuable
information based upon their knowledge and observations of the lake to
supplement the scientific data.

In addition to addressing potential problems, an important part of any
management plan involves identifying the desired water uses. Therefore, this
questionnaire not only asks for information regarding waste disposal systenms,
fertilizer usage, but also for your views and opinions on water uses and
concerns for Singletary Lake. All answers are voluntary and of course will be
treated confidentially.

Please return the completed questionnaire by April 1, 1988 to:

Scott Bailey, Project Manager
IE?P, Inc.

iy

P.0. Box 780
Northborough, Ma 01532

Your prompt response is greatly appreciated.

1. How many members are in your household?

2. Please indicate time of residence. [] Year round [] Summer only [] Other

3. VWhat type of sewage disposal system do you have?

[1 Cesspool [1 Septic tank & leaching area [1 Municipal sewers
[]1 Other [1] Do not know

4. How far is your sewage disposal system from the lake shoreline?

[1 0-5 ft [1 5-25 £t [1 25-75 ft [1 75-125 ft [] more than 125 ft
[1 Do not know

5. How old is your sewage disposal system?

[1 0-5 yrs [] 6-10 yrs [1 11-20 yrs []1 over 20 yrs [1 Do not know



10.

11.

12.

13.

How many of each appliance are connected to your sewage disposal system?

[1 Shower/tub [] Toilet [] Washing machine [] Dishwasher
[1 Sump pump [] Garbage disposal [1 Roof/pavement drains
[] Dehumidifier drain [1 Other

Have you had any problems with your sewage disposal system? [] Yes [] No
If yes, what problems?

[] Repeated pump-out needed [] System clogs, backs up or drains slowly

[] Odors [] Sewage surfaces through ground

Has your system ever been rebuilt or repaired? [] Yes [] No

If yes, approximately how long ago yrs
Please describe what was done?

How often do you have your sewage disposal system pumped out?

[] Annually [] Every 2-4 years [] Every 5-10 years []1 Over 10 years
[] Never

Is your drinking water supplied on-site or from a municipal source?
If you have an on-site drinking water supply please indicate:

Type of well: [] Dug well [] Bedrock well
How far is your well from shore?

[] 0-5 £t [1 5-25 ft [] 25-75 ft [1 75-125 ft [] more than 125 ft
[1] Do not know

Please state the brand and type (liquid or powder) of detergent used for
dishwasher/washing machine.

Does your property have a lawn? [] Yes [1 No
If yes, approximately what size?

[] Less than 1/4 acre [1 1/4 acre [] 1/2 acre [] 3/4 acre [] 1 acre
[] More than 1 acre (specify)

How often do you fertilize your lawn? applications per year
During what seasons of the year?




14.

15.

16.

17.

Please state the brand and type (liquid or granular) of lawn fertilizer you
use.

[1 Check here if your lawn is maintained by a professional landscape
contractor.

What do you consider to be the most important use(s) of the lake (number in
order of importance with 1 most important)?

[1 Swimming [1 Boating [] Sailing [1 Fishing [] Water skiing
[1 Ice skating [1 Other

Have the quality or uses of the lake changed over the years? [] Yes []1 No
If yes, in what way? How do you feel about these changes?

What do you see as the major problem(s) in Singletary Lake (number in order
of importance with 1 most important?

] too many weeds [] poor water quality [] too much algae
] objectionable odor and/or color [] unsuitable for boating
] muck/slime on bottom [1 unsuitable for swimming

] other [1 no problems

— p— p— p—

Were any of these problems worse during particular years, as you recall?
[1 Yes [1 No

If yes, please describe the nature of the problem and the years in which it
became worse.
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19.

20.

Do you, members of your household, or guests fish the lake? [] Yes [1 No
If yes, with what regularity?

[]1 Daily [] 3-6 times per week [] 1-2 times per week

[] less than 4 times per month

During what seasons? [] Summer [] Fall []1 Winter [1 Spring

Which of the following species of fish have you, someone in your household,
or your guests caught during 1987? Please indicate the number caught, the

season in which they were caught and the typical size caught.

FISH SPECIES NUMBER CAUGHT SEASON TYPICAL SIZE (LENGTH)

[] Yellow perch

[] White perch

[1 Largemouth bass
[1 Smallmouth bass
[] Bluegill

[] Pumpkinseed

[]1 Chain pickerel
{] Rainbow trout
[] Yellow bullhead
[] Brown bullhead
[1 White sucker

[1 Other

Would you be interested in learning more about lakes and their processes and
preservation (i.e. through an educational program)? [] Yes [] No



SUMMARY OF SINGLETARY LAKE QUESTIONNAIRES - RESIDENTS

Number of Requests 151 Number of Responses 67

Number of Year Round Residences 36, population 92
Number of Seasonal Residences 27, population 80
Property Owners Without Any Residences 2

Day Use Only 2, population 5

Type of VWastewater Disposal Systems

Cesspool 18 None 1
Septic Tank 46 Unknown 1
Outhouse 1

Distance of Wastewater Disposal System from Shoreline

0 - 5 feet 0 75 - 125 feet 22
5 - 25 feet 2 > 125 feet 19
25 - 75 fee 20 Unknown 2

Age of Wastewater Disposal System

0 - 5 year 5 > 20 year 26
6 - 10 year 6 Unknown 10
11 - 20 year 18

Total Number of Appliances

Shower/Tub 56 Garbage Disposal 10
Toilet 72 Kitchen Sink 8
Washing Machine 24 Roof/Pavement drains 1
Dishwasher 18 Dehumidifier/Drain 1
Sump Pump 2

Problems with Wastewater Disposal System

None 59 Yes 3 - odors, sewage surfaces through ground

Repairs to Wastewater Disposal System

None 49 Yes 13 - rebuilt, expanded leaching field, new concrete
covering



Frequency of VWastewvater Disposal System Pump-out

Annually 14 > 10 years 5
2 - 4 years 15 never 20
5 -10 years 6

Type of Water Supply

Bedrock well 38 Bottled Vater 1
Dug Vell 13 unknown 4
Artesian 4

Distance of Well from Shoreline

0 - 5 feet 0 75 - 125 feet 20
5 - 25 feet 3 > 125 feet 27
25 - 75 feet 9

Number of Properties with Lawns

Yes 54 None 7

Size of Lawn

> 1/4 acre 30 3/4 acre 3
1/4 acre 10 1 acre 3
1/2 acre 7 > 1 acre 1

Lawn Fertilizer Applications per Year

None 29 Twice 8
Once 13 3 -4 7

Type of Fertilizer Used

Lime 4 Liquid
Granular 19 Professional Contractor

Season vhen Fertilizer is Used

Spring 23 Fall 14
Summer 9



Importance of Lake Uses

Most Important

Swimming 55
Boating 2
Sailing 2
Fishing 3
Water skiing 0
Ice skating 0

Has the Condition of the Lake Changed?

Yes 54 No

How Has the Lake’s Condition Changed?

Increased Boating 39
Increased Veeds 8
Increased Algae 7
Poor Water Quality 6

Second

21
12
14

Water Quality Improvement

Increased Muck

Loss of

Noise

What are the Vorst Problems Facing the Lake

Most Severe

Poor Water Quality
Aquatic Veeds

Muck/Slime

Algae

Over Utilization
Unsuitable for Swimming
Objectionable odor/color

==

Number of Residents that Fish the Lake

Yes 37 No

Regularity of Fishing

Daily 0
3 - 6 Times per Week 4

Season when Fishing Occurs

Summer 34 Winter
Fall 11 Spring

16
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Species of Fish Caught in Lake

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

Are You Interested in Public Education on Lake Management?

Yes 30 No 9



APPENDIX B
Vater Quality Data



Table B). Summary of Singletary Lake Water Quality in 1984-85 (as average concentrations)

Parameter

M (s.u.)

Conductivity
(umhos/cm)

Alkalinity
Suspended Solids
Total Solids
Kjeldahl Nitrogen
Ammonia Nitrogen
Nitrate Nitrogen
Total Hardness
Chloride

Total Phosphorus

Total Coliform
(#/100 ml)

Fecal Coliform?
(#/100m1)

Note: All concentrations are mg/l1 unless indicated otherwise.

- —Stations
1A 1B 1c 2 3 4 3 6 7 8 9
6.2 5.8 5.8 5.8 5.5 6.4 6.1 6.1 5.4 5.4 5.8
78 78 83 72 36 23 2006 143 85 38 9%
14 9 9 1n 7 10 15 0 13 6 1
4.3 1.5 4.5 4.5 6.2 3.9 4.4 6.8 4.1 17.6 3.1
85 32 54 » 62 64 153 124 54 121 66
0.67 0.68 0.69 0.79 0.69 0.70 0.96 0.76 0.88 0.69 0.58
0.05 0.06 0.09 0.06 0.03 0.06 0.06 0.14 0.10 0.05 0.15
0.04 0.08 0.28 0.06 0.14 0.10 0.15 0.64 0.12 0.13 2.1
18 17 18 19 14 2 48 13 11 12 19
10 10 10 8 2 14 37 2 4 2 7
0.06 0.06 0.07 0.05 0.05 0.06 0.06 0.07 0.06 0.14 0.12
24 — — 152 362 692 520 1578 5487 381 310
8 — — 8 2 | 39 88 602 514 26 8



Date of Collection

Station #

1 - Top

1 - Middle

-

-~ Bottom

Main Inlet

NW Inlet

Qutlet

SE Inlet

Storm Drain
Storm Drain
Wetland (Inlet)

Storm Drain

%"'d

Frozen
No Flow

TABLE 1

SINGLETARY POND

pH (Standard Units)

1984 1935
11-6  12-12  1-24 2-26  3-19  4-2  4-16 4-29 5-13  5-29  6-l1
6.3 6.7 5.3 — 5.1 5.5 6.7 7.2 5.4 6.5 6.5
5.2 6.9 6.1 - 1.9 6.2 6.8 6.7 5.8 6.2 5.5
7.0 6.6 5.4 3.6 5.7 6.7 5.5 5.3 5.9 6.3 5.6
6.5 6.3 5.0 3.7 3.5 6.8 5.7 5.7 5.3 5.6 6.3
-— - 5.3 4.7 6.1 7.4 6.1 5.8 5.7 6.7 6.5
6.2 6.7 F 4.2 6.1 7.2 6.0 6.0 5.2 6.8 NF
- 6.6 F 5.4 3.4 5.5 6.6 7.1 6.0 9.1 NF
-— 5.9 F 3.7 2.0 4.8 6.4 5.9 4.8 8.8 6.9
— - F 5.4 4.7 5.4 5.7 5.7 4.6 5.2 NF
-— — F - 5.0 5.4 6.7 6.5 5.4 NF NF



TABLE 1 (CONTINUED)
SINGLETARY POND

pH (Standard Units)

Date of Collection 6-24 7-9 7-22 8-6 8-21 9-3 19-9
Station #
1 - Top 5.8 5.6 6.8 7.5 6.1 5.6 5.6
1 - Middle _ 5.1 5.7 6.5 — 5.7 - -
1 - Bottom 4.3 4.7 4.9 6.3 6.0 5.3 6.3
2 5.6 5.5 6.1 6.3 5.3 5.4 6.2
3 5.5 NF NF NF NF 5.2 6.3
4 5.8 6.0 6.5 6.8 5.4 5.4 6.6
5 NP NF NF 6.9 NF 5.3 6.6
6 NF NE NF NF NF NF 5.4
7 NE NF NF NF NF 6.4 4.3
8 5.5 NF NF NF NF NF 6.4
"9 NP NF NF NF NF NF NF
F = Frozen
NF = No Flow



Date of Collaction

Station #

1 - Top

1 - Middle
1 - Bottom
2

3

4

5

6

7

8

9

F = Frozen
NF = No Flow

TABLE 3

SINGLETARY POND

Total Alkalinity (mg/l as CaCdj)

1984 1985

11-6 12-12 1-24 2-26 3-19 4-2 4-15 4-29 5-13 5-29 6-11
L5 17 12 - 11 10 7 9 13 12 5
3 11 9 - - 8 8 5 7 10 1
17 -8 12 7 7 7 9 9 9 12 10
3 6 6 8 4 4 6 6 19 11 11
- - ) 10 1) 5 9 9 11 11 0
1) 19 F 7 12 13 15 14 20 21 NF
- 18 F 18 5 17 23 25 28 29 NF'
- 5 F 17 7 3 2 5 1 5 4
- - F 2 5 7 6 6 6 10 NF
-= - F - 10 8 9 15 12 NF NF'



Date of Collaction
Station #

1 - Top

1 - Middle

1 - Bottom

2

Frozen
No Flow

%"-‘J
i

TABLE 3 (CONTINUED)
SINGLETARY POND

Total Alkalinity (mg/1 as CaC0j3)

6-24 7-9 7-22 8-6 8-21 9-3 19-9
9 11 10 g 51 i1 12
9 9 1) - 3 — -
11 15 14 10 9 14 7
L2 10 i8 9 21 12 L
12 NF NF NF NF 7 10
LL 15 16 8 10 i2 i3
NF NF NF 14 NF 18 18
NF NF NF NE NF NE 14
NE NF NF NF NF 89 5
19 NF NF Nf NF NF 11
NF NF NF NF NF NE NE



Date of Collection
Station #

1l - Top

1 - Middle

1 - Bottom

2

3

Frozen
No Flow

2
&)
Wn

TABLE 4

SINGLETARY POND

Suspended Solids (ing/1)

1934 1985

Ll-6 12-12 1-24  2-26  3-19  4-2 4-15  4-29  5-13 5-29  6-l1
3.) 3.0 4.9 — 1.5 6.0 3.9 7.9 J.3 6.0 2.5
3.9 3.0 4.5 - -— 3.0 2.0 3.0 L) 6.1 4.0
3.0 3.9 5.5 1.0 3.0 5.0 2.0 3.0 1.0 5.5 2.0
3.9 4.5 3.0 L.5 3.0 5.0 12,9 8.5 19.9 2.5 3.0
- - 5.0 4.0 4.5 6.5 3.0 7.9 9.3 3.0 4.u
2.9 L.5 F 3.5 5.0 4.5 3.9 3.5 J.5 5.5 NF
- 3.0 F 3.0 4.0 21.0 2.9 7.5 1.0 7.9 NF
— — P 3.0 3.5 4.5 0.5 1.5 0.5 5.1 3.9
- 7.0 F 16.0 5.5 3.0 7.5 7.0 27.0 5.5 NF
— - F -- 3.9 4.5 1.0 6.5 0.5 NF NF



Date of Collection
Station #

1 - Top

1l - Middle

1 - Bottom

2

3

Frozen
No Flow

%"-ﬂ

TABLE 4 (CONTINUEFD)
SINGLETARY POND

Suspandad Solids (mg/l)

7-22 3—6 8-21

6-21  7-9 36 82l 93
1.0 0.5 0.0 0.5  12.0 6.0
L.d 1.5 1.0 — 2.5 —
1.5 3.0° 3.5 3.0 5.5 8.0
2.9 6.5 3.5 2.5 2.5 12.0
5.9 NE NF NF NF 6.0
L.5 2.5 0.5 0.0 2.5 4.0
NE NF N 3.5 NF 6.5
NEF NE NF NF NF NE
NE NF NE NE NE 10
34 NP Np NE° NF ﬁF
NI NE NE NF NF NF

1u-9

11.9

8.9
8.0
11.0
14.0
13.0

8.0

(=2
(%

8.0

NF



TABLE 2
SINGLETARY POND

Specific Conductivity (umhos/cm)

Date of Collection 624 7-9 722 86 821 93 109 11-6 1212 12 226 319 42 415 429 513 529 611

Station #

1 - Top 00 8 6 8 8 B &€ 5 W 8 — 4 7MW 80 T MW 8 8
1 - Middle % & 8 — 8 — — — % % — 1B T 8 % 71 8 &
1 - Bottom 9 8 8 8 120 8 & 75 713 @B — 72 7% MW 5 71 &8
2 6 6 6 63 6 6 77 — 9 103 6 72 T S5 8 74 1 6
3 B N N N N 0 5 97 6 5% % 4 & & & 33 % B
4 & 104 9 14 19 108 % — — 80 7 78 78 102 9% % 8 M
5 N N N 173 N 181 202 304 200 — 200 206 210 182 19 177 212 —
6 N N N N N N 1235 — 140 — 200 18 166 20 251 2% 245 —
7 N N N N N 28 45 — — — 45 0 &4 0 3 3 3N &5
8 2 W N N N N 4 — —  — 4 N 4 % 4 33 9 —
9 N W N N N N N — — — — 9% 9 95 75 8 — —

5
el



Date of Collection

Station #

1 - Top

1 - Middle

1 -~ Bottom

2

3

TABLE 5

SINGLETARY POND

‘Total Solids (mg/1)

Frozen
No Flow

1984 19385
L1-6 12-12 1-24 2-26 3-19 -2 4-15 4-29 5-13 5-29 6-11
65 10 66 - 50 16 42 69 20 79 89
62 33 52 - - 52 46 44 13 50° 68
33 16 66 60 52 60 42 0J 20 54 64
L49) 06 50 60 58 38 42 52 30 68 50
- -- 58 64 43 49 54 7J 34J 82 54
230 149 F 140 130 140 110 139 82 179 NF
- 80 F 160 120 94 120 159 114 182 NF
- 44 F 56 52 23 32 34 14 46 62
- - F 58 669 44 64 34 36 56 NF
— - F - 74 66 43 90 5J NF NF



TABLE 5 (CONTINUED)
SINGLETARY  POND

Total Solids (mg/1)

Frozen
No Flow

%"!J
o

Date of Collection 0-24 7-9 7-22 8-6 8-21 9-3
Station #

1 - Top 69 60 50 52 42 84

1 - Middle 56 64 60 — 26 -

1 - Bottom 58 72 70 56 42 64

2 56 70 60 46 40 64

3 54 NF NF NE NF 66

4 63 74 108 62 64 72

5 NF NF NF 150 NF 150
6 NF NF NE NE' NF NE

7 NF NF NF NF NP 160
8 30 NF NF NF NF NEF

9 NF' NE NF NE NF NE*

10-9

330



TABLE 6

SINGLETARY POND

Total Kjeldahl-Nitrogen (mg/1)

Frozen
No Flow

%"E
o

1984 1985

Date of Collection 1l-6 12-12 1-24 2-26 3-19 4-2 4-15 4-29 5-13 5-29 6~L1

Station #

1 - Top .40 0.92 .34 - 0.57 0.49 0.46 V.79 0.38 J.82 0.55

1 ; Middle - - - - - - - - - - —

1 - Bottom 0.32 0.70 0.55 - - 0.38 V.40 3.75 V.90 0.62 0.60

2 J.4d 0.65 0.63 1.6 0.60 0.34 9.13 0.82 L.l 6.87 0.89

3 0.49 .78 0.69 1.3 0.53 0.30 vJ.12 0.63 1.2 0.77 0.52

4 - - 0.46 1.3 0.63 U.25  0.22 0.77 0.90 0.88 U.42

5 9.73 J.78 F L.6 0.89 3.57 0.25 J.385 1.2 0.92 NF

6 - 0.72 F 1.4 1.1 0.21 J.29 V.99 1.0 0.83 NE

7 - 1.6 F 1.3 J.78 J.78 0.13 3.74 J.99 0.97 J.64

8 - - F l.6 0.93 0.37  J.20 J.48 0.92 y.31 NF
-9 — -— F - 0.81 0.24 .45 0.87 V.53 NF NF



TABLE 6 (CONTINUED)
SINGLETARY POND

Total Kjeldahl-Nitrogen (mg/l)

Date of Collection 6-24 7-9 7-22 8-6 8-21 9-3 19-9
Station #

1 - Top 0.43 1.1 0.64 0.56  0.36 1.4 V.57
1 - Middle 0.59 1.0 9.59 —- 0.55 — —

1 - Bottom 0.63 1.0  0.36  0.33 0.90 1.6 0.5l
2 0.45 1.4 0.91 0.64  0.58 1.7 0.48
3 ).52 NF NE NF NF 1.3 0.48
4 0.50 0.98 0.8l 0.54  0.52 1.7 0.30
5 NF NF NF 0.93 NF 2.0 0.70
6 NF NF NF NF NE NEF 3.53
7 NE NF NF NF NF 1.4 9.38
8 0.58 NF NF NF NF NF V.29
9 NE NE NF NF NF NF NF
F Frozen

NF No Flow



TABLE 7

SINGLETARY POND

Amnonia-Nitrogen (ing/1)

Frozen
No Flow

%"-ll
o

1934 1985

Date of Collection 1l-6 12-12 1-24 2-26 3-19 4-2 4-15 4-29 5-13 5~-29 6-11

Station #

1 - Top 0.04 0.07 0.901 - 0.04 0.03 0.09 0.01 J.Jl V.06 u.12

1 - Middle - - - - - - -— - -— — -

1 - Bottom J.902 J.23 0.01 — - 0.01L 0.06 0.90 0.01 V.04 0.44

2 0.02 3.07 0.09 0.01 0.04 0.00 0.05 J.13 0.01 V.04 J.18

3 0.02 0.06 0.02 0.01 0.03 0.00 0.08 0.04 0.0L 0.04 0.03

4 - - 0.16 0.01 0.06 0.00 0.07 u.01 9.0l V.04 0.01

5 J.03 0.U6 F 0.03 V.07 0.05 0.7 0.26 J.11 0.04 NF

6 - 0.10 F 0.60 0.98 0.07 0.10 0.15 0.06 0.08 NF

7 - 0.07 F 0.03 0.12 0.06  0.99 0.05 J.03 0.05 V.33

8 - — F 0.05 0.08 0.10  0.07 0.4 3.90 0.04 NF
-9 - - F - 0.1V 0.12 0.16 0.39 0.07 NF NF



Date of Collection
Station #

1l - Top

1 - Middle

1 - Bottom

2

Frozen
No Flow

%"3

6-21

.19
0.05
0.393
0.7
J.01

J.12

NF'
0.33

NE

T
©

V.04
0.14
0.06
0.12
NF

0.15
NF

NF

NEF

TABLE 7 (CONTINUED)
SINGLETARY POND

Ammonia-Nitrogen (mg/1)

7-22 8-6 8-21 9-3 10-9
0.08 0.02 0.05 0.08 0.J1
0.03 - 0.02 - -

0.03 0.67 0.25 v.12 0.02
0.07 0.02 0.03 0.03 v.08
NF NF NF 0.02 0.03
0.06 0.08 2.07 0.10 0.02
NF 0.02 NF 0.92 V.03
NF NF NF NF 0.03
NF NF NF 0.14 0.09
NF NEF NF NF 0.02
NF NF NE NF



Date of Collection

TABLE 8

SINGLETARY POND

Nitrate-Nitrogen (mg/1)

Station #

1 - Top

1 - Middle
1 - Bottam
2

3

4

5

6

7

8

9

F = Frozen
NF = No Flow

1984 1985
11-6 12-12 1-24 2-26 3-19 4-2 4-15 4-29 5-13 5-29 6-11
J.0 0.0 0.0 — 0.1 9.0 0.9 9.0 0.0 0.0 0.1
u.J 0.2 0.0 - - 0.0 0.0 v.1 0.9 0.9 0.0
J.2 - 0.1 0.1 0.2 0.1 0.1 0.9 0.9 J.0 0.0 0.0
J.) 0.3 0.1 0.3 0.1 0.2 0.1 J.1 0.1 0.1 0.1
-= - 0.1 9.0 0.1 0.1 0.0 0.9 0.9 0.0 0.9
J.4 0.2 F 0.5 0.1 0.1 0.0 0.9 0.5 0.0 NF
- 0.7 F 1.2 0.9 0.6 0.7 0.4 0.5 0.6 NF
- 0.0 F 3.2 0.1 0.1 0.1 0.1 0.1 0.0 9.3
- - F 0.2 J.1 0.6 0.0 0.1 Jd.0 0.1 NF'
-~ - F - 2.3 1.5 2.1 3.1 1.6 NE NF



Date of Collection

Station #

1 - Top

1 - Middle

1 - Bottom

2

3

%"!J

Frozen
No Flow

0.1
J.0
0.9
0.1

0.1

NE
NF
NE
0.1

NE

0.0
0.2
0.1

9.0

0.0

NF

NE

7-22

0.2
0.1
0.0

0.0

0.v

NF

NF
NEF

NF :

TABLE 8 (CONTINUED)
SINGLETARY POND

8-6

0.0

0.1

0.9

0.1
0.0
NF

NF

Nitrate-Nitrogen (mg/1)

8-21 9-3 19-9
0.1 J.v u.1l
0.0 - -—

3.9 0.9 0.9
0.1 0.0 J.1
NF 0.1 J.2
0.0 0.2 2.0
NF 0.J J.9
NF NF 0.2
NF 0.2 0.1
NF NF 0.V
NF NF NF



Date of Collection

Station §

1 - Top

1 - Middle

1l - Bottom

2

TABLE 9

SINGLETARY POND

Total Hardness (mg/l as CaCJ3)

%"J

Frozen
No Flow

1984 1985
1L-6 12-12 1-24 2-26 3-19 4-2 4-15 4-29 5-13 5-29 6-11
Lo 17 19 - 18 19 20 17 13 17 19
15 16 18 - - 19 2V 17 13 18 20
24 21 27 20 19 21 22 20 18 20 19
27 15 17 i3 11 12 13 13 11 9 13
- - 19 17 17 19 24 29 20 17 19
69 39 F 37 38 40 39 38 34 41 NF
- 31 F 33 34 33 44 42 30 39 NE
- 10 F 11 9 10 9 8 8 8 11
- - F 13 13 12 L1 11 13 12 NF
— - F - 19 19 21 21 17 NF NE



TABLE 9 (CONTINUED)
SINGLETARY POND

Total Hardness (mg/l as CaCij)

Date of Collaction 6-24 7-9 7-22 8-6 8-21 9-3 10-3
Station #

1 - Top 23 16 17 13 12 17 15
1 - Middle 19 13 17 - 13 - -
1 - Bottom 19 15 17 19 ‘ 16 13 15
2 LY 17 16 17 14 19 17
3 11 NE NF ' NEF NF 15 13
4 20 18 18 62 16 18 15
5 NI* NEF NEF 150 NF 25 30
6 NE NF NF NF NF' NF 15
7‘ NE' NF NF NF NF 29 8
8 13 NF NF NF NF NF 11
9 NF NF NF NF NEF NF NF
F Frozen

<
5|
1|

No Flow



Date of Collection

Station #

1l - Top

1 - Middle

1 - Bottonm

2

TABLE 19

SINGLETARY POND

Chlorids (mg/1)

NF

Frozen
No Flow

1984 1985

11-6  12-12  1-24  2-26  3-19  4-2  4-15  4-29  5-13  5-29  6-l1
9 10 11 — 19 10 11 10 10 11 11
10 9 10 — — 9 11 10 19 13 11
1L 10 3 7 8 8 9 3.0 8 17 8
3 2 2 5 3 2 2 2.9 L 1 1
— — 19 9 10 19 13 13 14 13 11
56 36 F 40 43 42 34 13 32 42 NF
— 16 F 39 34 26 35 46 4l 42 NF
— 2 F 4 5 3 5 3 i 2 2
- — F 3 10 2 1 1 1 i NF
— - F - 9 7 7 6 4 NF NF



TABLE 10 (CONTINUED)
SINGLETARY POND

Chloride (mg/1)

Date of Collection 6-24 7-9 7-22 8-6 8-21 9-3 19-9
Station #

1 - Top L1 10 10 10 10 11 11
1 - Middle LJ 10 19 - 10 - —
1 - Bottom 13 9 19 11 10 10 It
2 7 6 7 5 6 8 n
3 D NF NF NF NF 2 4
4 L2 14 17 20 20 18 11
5 NE NF NF 30 NF 36 39
6 NI NF NF NE NF NF 8
7 NF NE NF NF NEF 14 3
8 L NF NEF NF NF NEF 2
9 NE* NF NF NF NF NF -
F = Frozen

NF = No Flow



e e - e e el
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TABLE 11

SINGLETARY POND

Total Phosphorus (mg/1)

Frozen
No Flow

%’11
ol

1934 1985

Date of Collection 11-6 12-12 1-24 2-26 3-19 4-2 4-15 4-29 5-13 5-29 6-11
Station #

1 - Top J.06 0.08 0.06 - 0.97 0.03 0.95 V.17 V.04 0.02 0.04
1 - Middle - - - - - - - - - - -

1 - Bottom 0.07 0.06 J.05 - - 0.02 0.12 9.05 0.04 J.02 V.13
2 9.05 0.05 0.05 0.05 0.07 0.02 0.04 0.04 J.04 0.03 0.05
3 3.04 0.04 0.05 0.06 J.07- 0.02  0.06 0.04 J.09 0.05 0.06
4 - - 0.04 V.06 0.08 0.01 0.06 0.05 J.U5 0.06 0.01
5 J.06 0.05 F 0.07 0.05 0.02 0.06 0.07 0.06 0.07 NF

6 - 0.07 F 0.09 0.07 J.04 .07 0.10 0.07 0.11 NF

7 - 0.05 F 0.07 0.04 0.02 0.08 0.19 0.06 0.10 0.04
8 - - F 0.16 0.05 0.02 0.13 0.03 0.08 0.35 NF

9 — - F — 0.11  0.06 0.14 0.27 0.02 N N



Date of Collection

Station #

1 - Top

1 - Middle

1 - Bottom

2

%"l:l

Frozen
No Flow

J.04
0.03
.04
J.05
U.J4
J).14
NF

NE

R o

NE

3
©

0.01
0.04
0.03
0.04
NF

0.03

NF

NF

TABLE 11 (CONTINUED)
SINGLETARY POND

Total Phosphorus (mg/1)

7-22 8-6 8-21 9-3 10-9
0.04 3.07  0.12 0.04  0.02
0.03 — AT — -

0.08 0.07  0.22 0.08 V.02
V.05 0.07  0.17 0.07  0.03
NF NF NF 0.07  0.03
0.05 0.07  0.18 0.08  0.03
NF 0.12 WF 9.11  0.04
NF NF NF NF 0.04
NF NF NF 0.03  0.03
NF NF NF NF 0. 10
HF NF NF NF NF



Date of Collection

Station #
1 - Total
Fecal
2 — Total
Fecal
3 - Total
Fecal
4 - Total
Fecal
5 - Total
Facal
6 — Total
Fecal
7 - Total
Fecal
8 - Total
Fecal
9 — Total
Fecal

%"‘J

Frozen
No Flow

TABLE 12

SINGLETARY POND

Bacteriological Analysis (#/100 ml)

1984 1985
1L-6 12-12 1-24 2-26 3-19 4-2 4-15 1-29 5-13 5-29 6~-11
19 20 <5 - - <20 10 <20 10 20 100
<5 <19 <5 - - <10 <19 <1J <5 <5 <19
20 <20 19 20 19 <20 349 690 290 22U 200
<5 <19 <5 <5 <5 10 <1y <10 <5 <10 <10
120 <20 <5 20 140 <29 120 964 709 260 709
20 <tV <5 < <5 <19 49 <10 <5 40 60
- - <5 10 20 20 1100 1390 769 1400 3500
- - <5 <5 <5 <19 10 30 10 150 1y
130 i49 F 40 60 160 650 1209 99J 1230 NF
70 19 F 30 <5 CH 5 49 1o 60U NF
- 330 ¥ 20 130 1200 1009 310y 3200 869V NF
- 80 F <5 <5 520 5 789 2930 2000 NF
- 180 F 609 300 4009 78U 17990 5U4 8J9 300
- <10 F 30 10 <19 1u0 330 30 69 <10
- - F 10 240 40 10U 209 109 249 NF
- - F <5 50 20 <5 <10 <19 14 NF
— - F -= 8J 720 40 - 400 NF NF
- - F - <5 19 <5 - <1lu NE NF



TABLE 12 (CONTINUED)
SINGLETARY POND

Bacteriological Analysis (4/100 ml)

Date of Collection 6-21 7-9 7-22 8-6 8-21 9-3 19-9

Station #

1 - Total 20 10 190 10 79 40 <5
Fecal <5 <5 <5 <5 <20 <10 <5

2 - Total 209 200 49 240 2090 299 <5
Fecal 10 <5 5 5 ~20 <10 <5

3 - Total 6U0 NF NF NF NF 9090 500
Fecal L9 NF NF NF NF 30 )

4 - Total 340 1400 80 220 200 190 120
Fecal 40 210 30 20 <20 60 19

5 - Total NF NF NF 520 NE 700 549
Fecal N NF NF 20 NF 90 109

6 - Total NF NF NF' NF NE NF 380
Fecal NP NF NF NF' NF NF 20

7 - Total NF NF NE NE NF 50,000 1200
Fecal NF NE NF NF NF 5009 10

8 - Total 600 . NF NE NE NF NF 1000
Fecal 100 NF NF NE NF - NF 20

9 - Total NF NF NF NF NF NE NE
Fecal NE NF NF NF NF NF NF

F = Frozen

NF = No Flow



SINGLETARY POND

SECCHI DISC TRANSPARENCY READINGS

STATION 1
DATE READINGS(m) TIME(hr.)
11/06/84 2.4 11:17
12/12/84 4.0 10:20
1/24/85 3.0 10:00
2/26/85 - -
3/19/85 2.8 1:00
4/02/85 2.4 11:53
4/16/85 3.0 ' 10:15
4/29/85 2.7 11:55
5/13/85 3.8 10:00
5/29/85 2.8 10:38
6/11/85 2.4 9:51
6/24/85 2.2 11:48
7/09/85 5.6 9:42
7/22/85 4.8 10:54
8/06/85 2.4 12:40
8/21/85 : 3.4 11:25
9/03/85 2.0 11:55
10/09/85 2.3 11:45
Q-2 A,



SINGLETARY POND

CHLOROPHYLL-A CONCENTRATIONS

STATION 1
DATE CONCENTRATION (mg/m3)

11/06/84 ’ 5.06
12/12/84 3.6
1/24/85 4.8
2/26/85 -
3/19/85 -
4/02/85 6.9
4/16/85 4.4
4/29/85 5.5
5/13/85 3.9
5/29/85 3.7
6/11/85 1.3
6/24/85 9.2
7/09/85 4,1
7/22/85 3.8
8/06/85 4.3
8/21/85 16.3
9/03/85 2.1

10/09/85 11.04



SINGLETARY POND

TEMPERATURE AND DISSOLVED OXYGEN DATA

STATION 1

1985

1984

DEPTH

(m) 11/6 12/12 1/24  2/26  3/19 4/2 4/16 4/29 5/13 5/29 6/11 6/24 7/9 7/22  8/6 8/21 9/3 10/9

K€

O ™M
O O
—
~
« .
—
(3]
~ o
o«
~ 0
o~
O~
. e
~F O
o~
La i
« .
Yy O
™~
~
« .
™ 0
o~
o -
- e
—_ N
o~
~
e @
N~
—

[~ WY =]
« e
w ©
—
O
.« .
O -
— —
w O
e« @
~N O
—_
[aa - }
e o
—_ O
— —
Wy ™~
e @
O -
—
™~
« o
N
y—
[
[
~ NN
o o
o wn
—
0 ™
. .
o ™
—
X
x X
o wny
LN
N o~
—
¥ 3
3
.
W

1)

=
w
0.
N
R
TG

20.6 16.6

24,5 24.5
8.5

23.2 25.4

12.5 16.4 19.0 19.6 21.2

6.5 11.3

11.8

1
1

4,
12.

1.4

15.1

2.8
12.2

12.0

1.0

9.6

7.4

8.0

8.0

8.3

9.1

10.0 11.4 8.6 7.8

10.9

10.7

20.9 le6.6

3
7.9

4.1 6.5 10.1 12.4 16.0 19.0 19.7 20.8 23.1 25.3 24,2 24,

1.4
14.8

2.8
12.2

12.0

2.0

7.2

11.5 8.7 8.1 8.6 8.2 7.9 8.4

9.9

10.8

11.8

11.9

10.0

24,2

23.7

23,0 25.0

4.0 6.5 9.8 12.4 15.6 19.0 19.6 20.8
11.2

11.9

5

1.
14.4

2.7
12.1

12.0

3.0

11.5 8.8 8.2 8.7 8.2 7.9 8.5 7.7

9.9

11.8

9.7

21,6 21.3

6.5 8.8 12.2° 13.4 15.5 16.7 17.5 17.8 18.2
11.9 11.4

3.7
11.6

2.2
11.3

2.8
11.9

7.0

2.3 2.6 2.7 1.4 2,2 0.6 5.9

5.2

10.3

9.8

16.7 17.4 17.9 19.5 19.9

15.7

13.4

6.4 8.5 10.7
10.6

12.0

3.7
11.6

2.3
10.6

3.0 .

11.3

8.0

2.6 >

0.9 0.3 0.5

0.7
5.5
0.3

0.2

10.2

8.4

9.0

&

* Temperature (°C)

** Dissolved Oxygen (mg/l)



SINGLETARY POND

TEMPERATURE AND DISSOLVED OXYGEN DATA

.
* Temperature (°C)
*% Dissolved Oxygen (mg/l)

1984 . . 1985
STA. '

NO. 11/6 12/12 1/24 2/26 3/19 4/2 4/16 4/29 5/13 5/29 6/11 6/24 7/9 7/22 8/6 8/21 9/3 10/9
2 9,.3% 2.7 1.3 3.4 4.1 6.0 13.0 14.2 19.4 18.1 19.2 20.8 22.4 23.6 21.4 20.4 16.4 12.7
12,7%% 12,2 12.0 11,2 12.7 11.5 8.7 8.7 8.3 8.5 6.9 7.8 6.7 5.9 7.1 6.4 7.7 9.2
3 8.6 2.8 0.0 0.8 1. 4.3 11.1 10.3 13.5 12.4 14.4 15.6 No No No No 15.0 12.0
12.1 12,7 13.5 12.7 13.5 12.6 10.4 10.4 9.7 11.1 10.4 8.6 Flow Flow Flow Flow 8.7 9,7
4 No No 1.2 4.5 5.1 6.3 13.8 13.1 18.4 19.2 19.1 21.3 25.1 25.0 23.5 22.3 18.7 16.7
Flow Flow 14.9 12.5 12.0 11.2 9.0 8.8 8.4 8.5 8.6 6.2 5.6 5.7 5.6 5.8 5.9 9.0
5 9.1 2.2 Frozen 2.2 3.6 5.2 13.1 12.4 15.1 14.6 No No No No 18.8 No 15.2 12.2
8.7 12.0 11.9 12.4 11.2 8.3 8.8 7. 8.8 Flow Flow Flow Flow 5.9 Flow 7.5 8.5
6 - 4,2 Frozen 2. 2.2 6.0 11.5 11.2 13.9 13.1 No No No No No No No 13.0
12.0 11.8 12.3 11.0 10.0 9.9 10.2 9.1 Flow Flow Flow Flow Flow Flow Flow 9.4
7 - 2.5 Frozen 2.4 1. 4,5 12.0 10.4 13.1 12.9 15.3 No No No No No 17.3 12.1

9.5 9.1 10.7 8.9 8.4 8.7 9.3 8.8 7.9 Flow Flow Flow Flow Flow 5.6 8.
8 - No Frozen 4.2 4.7 6.0 10.4 10.4 11.3 11.4 No 15.4 No No No No No 12.7
Flow 11.0 12.0 11.0 9.7 9.9 9.5 11.1 Flow 9.8 Flow Flow Flow Flow Flow 8.3

9 - No No No 4.8 6.4 8.7 10.5 11.5 No No No No No No No No No
Flow Flow Flow 12.0 11.0 10.9 10.5 11.2 Flow Flow Flow Flow Flow Flow Flow Flow Flow



DISCHARGE MEASUREMENTS (cfs)

SINGLETARY POND

1984 1985
STATION | 11/6 12/12 ] 1/28 2/26 2/19 4/2 4/16 4/29 5/13 5/29 6/11 6/24 1/9 7/22 8/6 8/21 9/3 10/9
2 0.65 1.22 1.61 4.62 3.93 3.42 1.61 1.18 1.74 0.89 0.71 0.60 0.47 0.33 2.78 0.56 0.84 0.88
No No No No
3 0.48 0.77 0.07 1.35 1.09 1.39 0.99 0.72 0.69 0.52 0.14 0.04 flow flow flow flow O0.l6 0.31
No No
4 flow flow 17.0 13.1 0.86 0.77 2.09 0.985 1.57 1.07 1.08 1.23 0.283 0.133 0.218 0.09 0.180 9.18
No No No No No
5 0.185 0.729 Frozen 0.511 0.298 0.675 0.223 0.109 0.103 0.106 flow flow flow flow -- flow 0.365 0.524
Not No No No No No No No
6 mea- 0.052 Frozen 0.097 0.081 0.083 0.038 0.016 0.011 0.001 flow flow flow flow flow flow flow 0.04
sured
Not No No No No No
7 mea~ 0.032 Frozen 0.079 0.067 0.118 0.05 0.036 0.043 0.029 0.001 flow flow flow flow flow 0.001 0.009
sured
Not No No No NO No No No
8 mea- Flow Frozen 0.103 0.016 0.016 0.042 0.035 0.039 0.037 Flow 0.029 Flow Flow Flow Flow Flow 0.026
sured
Not No No No No No No No No No No No No
9 mea- flow flow flow 0.014 0.010 0.013 0.003 0.006 flow flow flow flow flow flow flow flow flow
sured

AR:djm



Singletary Pond PALIS: 51152

TOWN(S) ¢ SUTTCON/MILIBURY

COUNTY: WORCESTER CRATNAGE: BLACKSTONE
AVG DEPTH: METERS THERMAL:
MAX DEPTH: METERS TROPHIC:
IAKE AREA: 300 ACRES
JAN 24, 1985

STATTION: 01 UNITS= NATURAL UNITS PER ML

COUNT TOTALS % TOTAL
BACILIARTOPHYCEAE (DIATCMS )

ASTERTONELIA 698
SYNEDRA 140
837 54.56
CHLOROPHYCEAE (GREENS )
ANKISTRODESMUS 56
GLOEOCYSTIS 28
UNID. COCQOID 140
UNID. FLAGELIATE 28
UNID. FLAGELLATE 28
279 18.19
CHRYSOPHYCEAE (GOLDEN-ERCWNS ) _
MALITOMONAS 84
84 5.46
CYANOPHYCERE (BLUE-GREENS )
MERISMOPEDIA 84
UNID. B-G COCCOID 167
251 16.37
DINOPHYCEAE (DINOFLAGELLATES )
GYMNODINIUM 84
84 5.46
1534
AFR 02, 1985
STATION: 01 UNITS= NATURAL UNITS PER ML
GROUP

COUNT TOTAIS % TOTAL
BACTLIARICPHYCEAE (DIATOMS )

ASTERTONELIA 245
CYCLOTELLA 112
FRAGITARTA 357
SYNEDRA 41

755 74.73



Singletary Pond (PALIS: 51152)

CHLOROPHYCEAE (GREENS )
GLOBOCYSTIS 10
CHRYSOPHYCEAE (GOLDEN-EROWNS )
DINOERYON 20
MALIOMONAS 51
UNID. CHRYSOPHYCEAE 61
UNID. CHRYSOPHYCEAE 20
UNID. CHRYSOPHYCEAE 71
CRYPTOPHYCEAE (CRYPTOMONADS )
CHROOMONAS 10
DINOPHYCEAE . (DINOFLAGELLATES )
GYMNODINIUM 10
1010
APR 16, 1985
STATION: 01 UNITS= NATURAL UNITS PER ML
COUNT
BACILIARTOPHYCEAE (DIATQMS )
ASTERTONELIA 571
MELOSIRA 82
PINNULARTA 20
. SYNETRA 41
CHLOROPHYCEAE (GREENS )
ANKISTRODESMUS 20
BOTRYOCOOCUS 122
TETRAEDRON 41
UNID. COCCOID 20
CHRYSOPHYCEAE (GOLDEN-EROWNS )
CHRYSOCOCCUS 20
MALLOMONAS 41
UNID. CHRYSOPHYCEAE 245

1224

10

224

10

10

714

204

306

Page 2

1.01

22.22
1.01

1.01

1]
' A

16.67

25.00



Singletary Pond (PALIS: 51152)

AFR 29, 1985
STATION: 01 UNITS= NATURAL UNITS PER ML
GRCUP
COUNT TOTALS
BACTLIARTOPHYCEAE (DIATOMS )
ASTERTONELIA 816
NTTZSCHIA 61
SYNEDRA 122
TABELIARTA 388
UNID. PENNALES 41
UNID. PENNALES 20
1448
CHI.OROPHYCEAE (GREENS )
UNID. COCCOID 41
UNID. FLAGELIATE | 20
61
CHRYSOPHYCEAE (GOLDEN-BROWNS )
CHRYSAMOEEA 82
MATLOMONAS 20
UNID. CHRYSOPHYCEAE 61
163
CRYPTOPHYCEAE (CRYPTQMONADS )
CHROOMONAS 20
20
CYANOPHYCEAE (BLUE~-GREENS )
APHANOTHECE 20
20
1714
MAY 13, 1985
STATION: 01 UNITS= NATURAL UNITS PER ML
GROUP
‘OOUNT TOTALS
BACTLIARTOPHYCEAE (DIATOMS )
ASTERIONELIA 1883
FRAGILARTA 562
SYNECRA 112
TABELIARTA 225
UNID. PENNALES 141
2922
CHLOROPHYCEAE (GREENS )
CHLAMYDOMONAS 28
UNID. COCCOID 112
UNID. COCOOID 56
UNID. FLAGELIATE 28

225

Page 3

% TOTAL

86.03

3.23

8.60
1.08

1.08

% TOTAL

89.64

6.90



Singletary Pond (PALIS: 51152)

CHRYSOPHYCEAE (GOLDEN-ERCWNS )
UNID. CHRYSOPHYCEAE 28
CYANOPHYCEAE (BIUE-GREENS )
AGMENETIUM 28
DINOPHYCEAE (DINOFLAGEIIATES )
GYMNODINIUM 56
3260
MAY 29, 1985
STATTON: 01 UNITS= NATURAL UNITS PER ML
COUNT
BACIIIARIOPHYCEAE (DIATOMS )
ASTERTONELILA 163
SYNEDRA 31
TABELIARTA 337
UNID CENTRALES 10
CHLORCPHYCEAE (GREENS )

- ANKISTRODESMUS 10
UNID. FIAGEIJATE 10
UNID. FLAGELLATE 20

CHRYSOPHYCEAE (GOLDEN-ERCWNS )
MAIIOMONAS 20
UNID. CHRYSOPHYCEAE 31
UNID. CHRYSOPHYCEAE 20
DINOPHYCEFAE (DINOFIAGELIATES )
GLENODINIUM 41
PERIDINIUM 153

847

28

28

56

GRCUP
TOTALS

541

41

71

194

Page 4

.86
.86

1.72

63.83

4.75

'8.43

22.88



Singletary Pond (PALIS: 51152)

JUN 11, 1985
STATION: 01 UNTTS= NATURAL UNTTS PER ML
GROUP
COUNT TOTALS
BACTLIARTOPHYCEAE (DIATOMS )
ASTERTONELIA 156
FRAGITARTA 669
SYNEDRA 245
UNID. PENNALES 22
1093
CHIOROPHYCEAE (GREENS )
ACANTHOSPHAERA 22
CHLAMYDOMONAS 45
CHIOREIIA 67
STAURASTRUM 45
UNID. COCCOID 22
UNID. FIAGELIATE 45
245
CHRYSOPHYCEAE (GOLDEN-BROWNS )
SYNURA 22
22
CRYPTOPHYCEAE (CRYPTOMONADS )
CRYPTCMONAS 45
45
1405
JUN 24, 1985
1
STATION: 01 UNITS= NATURAL UNTTS PER ML
GROUP
COUNT TOTALS
BACITIARTOPHYCEAE (DIATOMS ) :
TAEETIARTA 139
UNID. PENNALES 14
UNID. PENNALES 14
167
CHIOROPHYCEAE (GREENS )
CHIAMYDOMONAS 70
GILOBOCYSTIS 42
HAEMATOCOCCUS 28
STAURASTRUM 28
ULOTHRTX . : 139
UNID. COLONTAL COCCOID 28
UNID. FIAGELIATE 42

375

Page 5

© % TOTAL

76.57

18.75

1.56

3.13

24.00

54.00



Singletary Pond (PALIS: 51152)

CHRYSOPHYCEAE (GOLDEN-ERCWNS )
CHRYSOSPHAERELIA 14
MALLOMONAS 14

CRYPTOPHYCEAE . (CRYPTOMONADS )
CHRYPTOCHRYSIS 28
CRYPTOMONAS 28

DINOPHYCEAE (DINOFLAGELIATES )
GLENODINTUM 28
UNID. DINOPHYCEAE 42

695
JUL 09, 1985
STATTION: 01 UNTTS= NATURAL UNTTS PER ML
COUNT

CHI.OROPHYCEAE (GREENS )

ANKISTRODESMUS 195
OOCYSTIS 14

CHRYSOPHYCEAE (GOLDEN-BROWNS )

. MALIOMONAS 28

CYANOPHYCEAE (BLUE~GREENS )

ANABAENA 56
292
JUL 22, 1985
STATION: 01 UNTTS= NATURAL UNITS PER ML
COUNT

BACTILIARIOPHYCEAE (DIATOMS )

CYCTOTELIA 33

28

56

69

GROUP
TOTAIS

208

28

56

GROUP
TOTALS

33

Page 6

4.00
8.00

10.00

71.40
9.52

19.04

% TOTAL

9.38



Singletary Pord (PALIS: 51152)

CHIOROPHYCEAE (GREENS )
SPHAEROCYSTIS 133
UNID. OOCOOID 56
UNID. COOLONTIAL OOCCOID 67
UNID. FLAGELIATE 11
CHRYSOPHYCEAE (GOLDEN-EROWNS )
MALIOMONAS 11
DINOPHYCEAE (DINOFLAGELIATES )
GYMNODINTUM 11
322
AUG 06, 1985
STATION: 01 UNITS= NATURAL UNITS PER ML
COUNT
BACITIIARTOPHYCEAE (DIATOMS )
ASTERTONELIA 33
TABEIIARTA 22
CHIOROPHYCEAE (GREENS )
ANKISTRODESMUS 11
HAEMATOOOCCUS 22
OOCYSTIS 44
PAIMEITA 377
STAURASTRUM 11
UNID. COCCOID 67
UNID. OOIONIAIL, COCCOID 44
UNID. FILAGELIATE 11
UNID. FLAGEIIATE 11
CHRYSOPHYCEAE (GOLDEN-EROWNS )
CHRYSOOOCCUS 11
MALIOMONAS 56
CRYPTOPHYCEAE (CRYPTOMONADS. )
CHRYPTOCHRYSIS 11
DINOPHYCEAE (DINOFLAGELIATES )
CERATTUM 11

744

266

11

11

56

599

67

11

11

Page 7

84.42

3.13

3.13

7.25

81.15

8.69

1.45

1.45



Singletary Pond (PALIS: 51152)

AUG 21, 1985

STATTON: 01 UNITS= NATURAL UNITS PER ML
GROUP
COUNT TOTALS
BACTLIARTOPHYCEAE (DIATOMS )
SYNEDRA 22
22
CHI OROPHYCEAE (GREENS )
CHILAMYDOMONAS 22
CHIOROSARCTNA 89
HAEMATOCOCCUS 22
UNID. FLAGELIATE 22
156
CHRYSOPHYCEAE (GOLDEN-BEROWNS )
CHRYSOCOCCUS 22
UNID. CHRYSOPHYCEAE 112
134
CRYPTOPHYCEAE (CRYPTOMONADS )
CHRYPTOCHRYSIS 22
22
CYANOPHYCEAE (BLUE~GREENS )
CHROOCOCCUS 67
GOMPHOSPHAERTA 22
89
EUGLENOPHYCEAE (EUGLENIDS )
UNID. EUGLENOPHYCEAE 22
22
XANTHOPHYCEAE (YELLOW-GREENS )
. CHIOROBOTRYS 89
89
535
SEP 03, 1985
STATION: 01 UNITS= NATURAL UNITS PER ML
GROUP
COUNT TOTALS
BACTIIARIOPHYCEAE (DIATOMS )
SYNEDRA 56
56
CHL.OROPHYCEAE (GREENS )
GOLENKINIA 28
SCENEDESMUS 28
UNID. COCCOID 28
UNID. COCCOID 195

279

Page 8

o\

TOTAL

4.17

29.18

41.68

41.68

16.67

41.68

41.68

% TOTAL

11.77

58.86



Singletary Pond (PALIS: 51152)

CRYPIOPHYCEAE (CRYPTOMONADS )
CRYPTOMONAS 84
UNID. CRYPIOPHYCEAE 56
474
OCT 09, 1985
STATICN: 01 UNITS= NATURAL UNITS PER ML
COUNT
BACIIIARIOPHYCEAE (DIATOMS )
ASTERIONELILA 724
SYNECRA 223
UNID. PENNALES 56
UNID. PENNALES 334
CHLOROPHYCEAE (GREENS )
GLOECCYSTIS 56
OOCYSTIS 56
PEDTASTRUM 56
UNID. COCCOID 557
UNID. COCCOID 56
CHRYSOPHYCEAE (GOLDEN-EROWNS )
CHRYSOSPHAERELI A 56
OCHRCMONAS 111
UNID. CHRYSOPHYCEAE 167
CRYPIOPHYCEAE (CRYPTCMONADS )
UNID. CRYPIOPHYCEAE 167

2618

140

GROUP
TOTALS

1337

780

334

167

Page 9

29.43

51.06

29.79

12.77

6.12



Singletary Pord (PALIS: 51152)

NOV 06, 1984

STATICON: 01 UNITS= NATURAL UNITS PER ML

BACTILIARTOPHYCEAE (DIATOMS )

ASTERTONELIA
CYCIOTETIA
SYNECRA

UNID. PENNALES

CHIOROPHYCEAE (GREENS )

ANKISTRODESMUS
CHLORELLA
COSMARTUM
HAEMATOQOCCUS
OQOCYSTIS

CHRYSOPHYCEAE
CHRYSOQOCCUS
DINOBRYON
SYNURA

(GOLDEN-BROWNS )

UNID. CHRYSOPHYCEAE
UNID. CHRYSOPHYCEAE
UNID. CHRYSOPHYCEAE

CYANOPHYCEAE
CHROOQOCCUS
CCELOSPHAERIUM

. MERISMOPEDIA

DINOPHYCEAE (DINOFTAGELIATES )

GLENODINIUM

(BLUE-GREENS )

EUGLENOPHYCEAE (EUGLENIDS )

EUGLENA

XANTHOPHYCEAE
CENTRITRACIUS
TRIBONEMA

(YELIOW-GREENS )

GROUP

COUNT TOTALS

204
20
122
20

20
41
20
20
20

61
20
20
41
41
61

41
20
286

20

41

82
20

1244

367

122

245

347

20

41

102

Page 10

% TOTAL

29.52

9.84

27.88

27.88

l.64

3.28

27.88




Singletary Pond (PALIS: 51152) Page 11

DEC 12, 1984

STATION: 01 UNTTS= NATURAL UNITS PER ML
GROUP
CCUNT TOTAIS % TOTAL
BACILIARIOPHYCEAE (DIATCOMS )

ASTERIONELIA 1561
FRAGIIARIA 67
SYNEDRA 89
UNID. PENNALES 89
1806 87.09
CHIOROPHYCEAE (GREENS )
ANKISTRODESMUS 22
COSMARTUM 22
GLOBOCYSTIS 22
67 3.23
CHRYSOPHYCEAE (GOLDEN-ERCWNS )
CHRYSOCHROMULINA 22
UNID. CHRYSOFHYCEAE 22
45 5.38 .
CYANOFHYCEAE (BLUE-GREENS )
ANACYSTIS 67
67 3.23
DINOPHYCFAE (DINOFTAGELIATES )
PERIDINIUM 22
22 1.08
XANTHOPHYCEAE (YELIOW~GREENS )
CENTRITRACTUS 67
67 5.38

2074




WATER CONTROL LABORATORIES

106 SOUTH ST.
HOPKINTON, MA 01748

508-435-6824
Mass. Cort. No. 313 * Conn Cert. No PH-0515* EPA IO No MAQSS

' HOPKINTON INDUSTRIAL PARK

REFERRED BY:

IEF, INC.

£.0 BOX 780

NORTHBORO, MA
01532

FINAL REPORT

TESTS '

REPORT

RESULTS

*** GENERAL INPFORMATION
COLLuEC'TOR: IEP

**x MICROBIOLOGICAL ‘TESTING

FECAL COLIFORM 1,400.
FIECAL GTREP 1,250.
1.12

FIECAL/GTREP RATIO
A RATIO GREATER

**x* NUTRIENTS

PHOSPHORUS, TOTAL <0.01
***x MISCELLANEOUS TESTING
SOLIDS, T. SUSPENDED 9

A DIVISION OF COOPERATING MANAGEMENT INC.

COMMENT

92622873 000453 EOL 1

SAMPLE IDENTIFICATION INFORMATION

# SING-1 (#1)
STORM DRAIN

N. KOCOUREK MA

COLLECTED RECEIVED REPORTED

09/19/89 09/19/89 03/27/89
00:00

DETECTION LIMIT METHOD -

UNITS

/100 ML
/100 ML

0 0.0

THAN 4.1 I3 CONSIDERED INDICATIVE OF
POLLUTION DERIVED FROM DOMESTIC WASTES COMPOSED OF
[HUMAN EXCREMENT WHEREAS RATIOS LESS THAN 0.7 SUGGEST
THAT POLLUTION WAS DUE TO NON-HUMAN SOURCES.

MG/L 0.01 365.3

MG/L 1.0 160.2

*x* (HIS IS A FINAL REPORYT. ***



WATER CONTROL LABORATORIES

HOPKINTON INDUSTRIAL PARK
106 SOUTH ST.

HOPKINTON, MA 01748
508-435-6824

Mass. Cert. No.313 * Conn Cert. No PH-0515 * EPA 1D No MAOS9

~

REFERRED BY:

1Ly, INC.

£.0 BOX 780

NOR'THBORO, MA
01532

FINAL REPORT

REPORT

TESTS

*x*x GENERAL INFORMATION

’ RESULTS

COLLECPTOR: ILEP
**x* MICROBIOLOGICAL TESTING
FECAL COLIFORM 4,
FECAL STREP 46,

LESS
*xx NUTRIEN?S
PIIOSPHORUS, TOTAL <0.01
**x* MISCELLANEOUS TESTING
SOLIDS, I. SUSPENDED 6

**x THIS IS A FINAL REPORT.

A DIVISION OF COOPERATING MANAGEMENT INC.

92622874 000453 EOQ1 1

SAMPLE IDENTIFICATION INFORMATION

#

SING-1 (#2)

WHLCH POND

N.

COMMENT

UNITS

KOCOUREK

09/19/89 09/19/89 09/27/89
00:00

DETECTION LIMIT I METHOD

/100 ML
/100 ML
FECAL/STREP RATIO IS NOT APPLICABLE WHEN FECAL STREP COUNTS ARE

THAN 100/100 ML.

MG/L

MG/L 1.0

365.3

160.2

X kKX



WATER CONTROL LABORATORIES

A DIVISION OF COOPERATING MANAGEMENT INC. 92622875 000453 EO1 L .

HOPKINTON INDUSTRIAL PARK
106 SOUTH ST

HOPKINTON, MA 01748 —
508-435-6824 ¥ SING L (#3)

Mass Cert No 313 *Conn Cert No PH-0515 * EPAID NO AOS9 TRIBULARY
REFERRED BY: N. KOCoUrEK
 1up, Inc

- r .

.0 B0OX 780 09/16/89 09/19/89 09/29,/89

NOR'CIIBORO, MA 00:00
0l532

CINAL REvORT

| RESULTS DETECTION LIMIT METHQD «

*xx GENERAL INPORMATION
COLLECTOR: TR

xRk ROUTINE QUALITY TESTING

ALKALINITY 34. MG/L
*** MICROBIOLOGICAL TUSTING

FHCAL COLISORM L,050. /L0G ML

FECAL STREP 530. /100 ML
FECAL/STRER RATIO 0.20 0 0.0

A RATIO GREATHR THAN 4.1 IS CONSIDERED INDICATIVE OF
POLLOTION DRERIVED FROM DOMESTIC WASTES COMPOSED OF
[IJMAN EXCREMENT WHLRKEAS RATIOS LESS THAN 0.7 SUGGEST
THAC POLLUTION WAS DUE 'TO NON -UIJMAN SOURCES.

*x % NUTRIENTS :
NITRATYH <0.5 MG/L 0.5 353.3

PHOSPIORUS, TOTAL <0.01 MG /L 0.0l 365.3

*xx MISCELLANEOUS TESTING
T.KJELODHAL NITROGEN 0.77 MG/L 0.1 3b1.3
**x PHIS IS A FINAL REPORT, ***




WATER CONTROL LABORATORIES
" A DIVISION OF COOPERATING MANAGEMENT INC. 92763726 % EOI- 1-
HOPKINTON INDUSTRIAL PARK

106 SOUTH ST

METHOD

HOPK N. MA 017
Mass. Cart. No. 313 * Conn. Cadt. No. PH-0515 * EPA ID No. MAOS9 SURFACE DEEP SPOT
REFERRED BY: N. KOCOUREK
IEP, INC.
P.O BOX 780 10/02/89 10/03/89 10/19/89
NORTHBORO, MA 00:00
01532

TESTS ‘ RESULTS UNITS DETECTION LIMIT

*%x%* GENERAL INFORMATION
COLLECTOR: IEP

*** ROUTINE QUALITY TESTING

PH 7.2 0.1 9040

ALKALINITY 34. MG/L

*** MICROBIOLOGICAL TESTING

FECAL COLIFORM 0. /100 ML

TOTAL COLIFORM 5. /100 ML

*** NUTRIENTS

NITRATE <0.5 MG/ L 0.5 353.3
PHOSPHORUS, TOTAL <0.01¢ MG/L 0.01 365.3
*** MISCELLANEOUS TESTING

T.KJELDHAL NITROGEN 0.37 MG/L 0.1 351.3
CHLOROPHYLL-A 0.032 MG/M3 0.01 1002

***x PHIS IS A FINAL REPORT., ***



WATER CONTROL LABORATORIES

" A DIVISION OF COOPERATING MANAGEMENT INC. 92763727 00045 3 go1 1
HOPKINTON INDUSTRIAL PARK
108 SOUTH ST

HOPKINTON, MA 01748 .
508-435-6824 # SING-1 (l1C)
BOC'TOM DRELP SPOT

*dass Cernt No 313 * Conn Cert No PH-0515 * EPAID No MAQS9

N. KOCOUREK

REFERRED BY:
IEP, INC
v, .
P.O LOX 780 10/02/89 10/03/89 10/13/89
NOR'CHIBORO, MA 00:00
01532
TESTS ) | RESULTS UNITS DETECTION LIMIT I METHOD «

*x* GUNERAL INFORMATION
CoLLECTOR: InP

**x*% ROUCINE QUALITY 'CESTING

el 6.6 0.1 9040
ALKALINITY 34. MG/L

**x*x NUCRIENTS

NITRATE <0.5 MG/L 0.5 353.3
PHOSPHORUS, ‘TOTAL <0.01 MG/L 0.01 365.3

**x* MISCELLANEOUS TES5TING
T.KJELDHAL NI'TROGEN 0.29 MG/L
**% THIS IS A VFINAL REPORT. ***

0.1 351.3



WATER CONTROL LABORATORIES

HOPKINTON INDUSTRIAL PARK

»

A DIVISION OF COOPERATING MANAGEMENT INC.

oo pace -
00803650 000453 EO1 1

SAMPLE IDENTIFICATION INFORMATION

106 SOUTH ST.
o e ooy A01748 # SING-1 (#1 ST.DRAIN)
Mass Cert No 313 * Conn Cent No PH-0515 * EPAID No MAOS9 SINGLETARY LAKE
REFERRED BY: MA
IEP, INC | Recewven ]
£.0 BUX 780 03/21/90 03/21/90 03/27/90
NORTHBORO, MA 00:00
01532
%4 GENERAL INFORMATION
COLLECTOR: I.E.P. \
+%4 MICROBIOLUGICAL TESTING %
FECAL COLIFORM 550. /100 ML
FECAL STREP 1,650 /100 ML
%4 NUTRIENTS
PHOSPHORUS, TOTAL <0.01 MG/L 0.01 365.3
44 MISCELLANEOUS TESTING
SOLIDS, T. SUSPENDED 7 MG/ L 1.0 160.2
*x%+ THIS IS A FINAL REPORT. ***



WATER CONTROL LABORATORIES 0oLy PAGE 7 |
A DIVISION OF COOPERATING MANAGEMENTINC. 0803657 000453 g0l 1
HOPKINTON INDUSTRIAL PARK

* 106 SOUTH ST

HOP N, MA 0174 . -
50%.::;:.1;224 01748 # SING-1 (#2 WELCHPND)
SINGLETARY LAKE

Mass Cert No 313 °* Cann Cent No PH-0§15 * EPA ID No MA0SS

N. KOCOUREK MA

REFERRED BY:
J— [ recaven |
P.0 BOX 780 03/21/90 03/21/90 03/27/90
00:00

NORTHBORO, MA
01532

xx+ GENERAL INFURMATION
CULLECTOR: I.E.P.

%4 MICROBIOLOGICAL TESTING

FECAL COLIFORM 14, /100 ML

FECAL STREP 15. /100 ML

¥4+ NUTRIENTS

PHOSPHORUS, TUTAL <0.01 MG/L 0.01 365.3

¥4x MISCELLANEOQOUS TESTING
SOLIDS, T. SUSPENDED <1 MG/L 1.0 160.2
#4+% THIS IS A FINAL REPORT. ***



WAIER CUONTROL LABORATORIES

HOPKINTON INDUSTRIAL PARK
106 SOUTH ST.

HOPKINTON, MA 01748
508-435-6824

Mass Cert No 313 * Cann Cert No PH-0515 * EPA ID No MAQS9

A DIVISION OF COOPERATING MANAGEMENT INC.

oo pace -

00803658 000453 EOQ1 1

# SING--1 (#3TRIB)
SINGLETARY LAKE

REFERRED BY: N. KOCOUREK MA
[EF, INC. [ recene )
PF.0 BOX 780 03/21/90 03/21/90 03/27/30
NURTHBORO, MA 00:00
01532
FINAL REPORT COMMENT:

* A% GENERAL INFORMATION
COLLECTUR: I.E.P.

*#* % MICROBIOLOGICAL TESTING
FECAL COLIFORM 27.
FECAL STREP 450,
*** NUTRIENTS

PHUSPHORUS, TOTAL <0.01
*xx MISCELLANEOUS TESTING
SOLIDS, T. SUSPENDED 1

AKX

THIS IS A FINAL

/100 ML

/100 ML

MG/L 0.01 365.3

MG/L 1.0 160.2
REPORT. ***



WATER CONTROL LABORATORIES [~ wewios | ConEY PAGE =

" A DIVISION OF COOPERATING MANAGEMENT INC. 00803659 000453 o
HOPKINTON INDUSTRIAL PARK
* 106 SOUTH ST
:&'_’g;ﬁ; MA 01748 # SING-1 (#4 ST.DRAIN)
SINGLETARY LAKE

Mass Cert No 313 * Conn Cert No PH-.0515 * EPAID No MAQS9
REFERRED BY: N. KOUOUREK MA
IEE, INC. [ neceeo )
P.U BOX 780 03/21/50 03/21/90 03/27/90
NORTHBORO, MA 006:00
01532

. TESTS RESULTS UNITS DETECTION LIMIT m

#* 4+ GENERAL INFORMATION
COLLECTOR: L.E.P.

*#+4 MICROBIOLOGICAL TESTING

FECAL COLIFORM 9. /100 ML

FECAL STREP 108. /100 ML

**% NUTRIENTS

PHOSPHORUS, TOTAL <0.01 MG/L 0.01 365.3
#%* MISCELLANEOUS TESTING

SOLIDS, T. SUSPENDED 3 MG/L 1.0 160.2

#Ax THYIS IS A FINAL REPORT. ***



APPENDIX C
Hydrologic and Nutrient Budget Calculations
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APPENDIX D
Glossary of Limnologic Terms



Alkalinity: The buffering capacity of water is measured by its alkalinity,
reflecting the stability of the pH level. The life processes of aquatic
organisms, and the toxicity and solubility of compounds such as heavy
metals are influenced by alkalinity and pH. A pond with greater alkalinity
resists change in pH. Fish and other aquatic life rely on alkalinity to
buffer sporadic or seasonal shifts in pH. Photosynthetic activity of
macrophytes and algae typically increase pH and alkalinity during the
summer.

Anoxia: A condition of no oxygen in the water. Often occurs near the bottom
of fertile stratified lakes in the summer and under ice in late winter.

Bathymetric Map: A map showing the bottom contours and depth of a lake, and
is used to calculate lake volume.

Biota: All plant and animal species occurring in a specified area.

Chloride: Chloride is an anion (negatively charged dissolved particle)
commonly found in water and sewage. Another important source of chloride
in surface wvaters is from the use of de-icing materials (i.e., salt) on
roads and parking areas. Chloride concentrations influence the osmotic
balance (water balance) and ion exchange of aquatic life. However,
metabolic utilization does not cause significant seasonal variations in the
chloride concentrations.

Chlorophyll: A green pigment in algae and other green plants that is
essential for the conversion of sunlight, carbon dioxide, and water to
sugar. Sugar is then converted to starch, proteins, fats, and other
organic molecules.

Color (Apparent): The color of untreated water that includes both suspended
and dissolved materials.

Color (True): The color of water from which turbidity or suspended materials
have been removed (usually by filtration). The true color of water is,
therefore, determined by dissolved substances, such as, organic material
(humic substances) or by inorganic material (calcium carbonate, iron, and
magnesium).

Conductivity: Conductivity is a numerical expression of the ability of water
to carry an electric current, and is closely related to the amount and type
of dissolved solids in the water. Elevated conductivity can be caused by
various pollution inputs including road salt, septic system effluent, etc.
Typically, lower conductivity is associated with "purer" water.



Dissolved Oxygen: Dissolved oxygen (DO) refers to the uncombined oxygen in
water that is essential to the metabolism of all aerobic organisms (fish,
plants, algae, etc.). Many factors influence dissolved oxygen, including
organic matter, bottom deposits, hydrologic characteristics, nutrients, and
aquatic biota. Low dissolved oxygen concentrations in deeper waters can
result from sediment oxygen demand and lack of mixing with oxygenated
surface wvaters during periods of thermal stratification. Extended periods
of low dissolved oxygen in deeper waters are undesirable biologically and
chemically. Fish require oxygen for life processes, with some species more
tolerant to low concentrations than others. Low dissolved oxygen
concentrations can also cause offensive odors from hydrogen sulfide
production, and result in the release of nutrients (phosphorus and ammonia)
and metals (iron and manganese) from lake sediments.

Dissolved Volatile Solids: Dissolved materials measured by ignition for a
specified time period at a specified temperature. It is an inherent
measurement of organic material dissolved in water, but does not exclude
some inorganic salts.

Bpilimnion: Uppermost, warmest, well-mixed layer of a lake during summertime
thermal stratification. The epilimnion extends from the surface to the
thermocline.

Butrophication: The process or set of processes, driven by excessive
inorganic nutrient, organic matter, and/or silt addition, which leads to
increased biological production and decreased volume in lakes, ponds, and
reservoirs.

Fall Overturn: The autumn mixing, top to bottom, of lake water caused by
 cooling and wind-derived energy. ’

Fecal Coliform: A common measure or indicator of the presence of fecal
material from warm-blooded animals. Fecal coliforms (bacteria) are
measured because of convenience. They are not necessarily harmful, but
indicate the potential presence of other disease-causing organisms.

Fecal Coliform/Fecal Streptococcus Ratios: This ratio may be used to provide
information on possible sources of pollution (i.e., human or other animal).
A ratio greater than 4:1 is considered indicative of human (domestic)
vastes, while ratios less than 0.7 suggest pollution from non-human waste.
These ratios are not considered reliable when fecal strep counts are below
100/100 ml.

Fecal Streptococcus: Fecal strep is used as an indicator of fecal
contamination. The normal habitat of fecal strep is in the intestines of
humans and animals. Because of a limited survival in the environment
(outside of their normal habitat), the presence of fecal strep is
indicative of very recent contamination.



Flushing Rate: The rate at which water enters and leaves a lake relative to
lake volume, usually expressed as time needed to replace the lake volume
with inflowing water.

Ground Water: Water found beneath the soil surface and saturating the stratum
at which it is located; often connected to lakes.

Hydrologic Budget: The amount of water flow into and out of a lake. Sources
include surface water inflows (streams), groundwater, and precipitation,
losses include evaporation, groundwater and out-flowing surface waters.

Hypolimnion: Lover, cooler layer of a lake during summertime thermal
stratification.

Internal Nutrient Cycling: Transformation of nutrients such as nitrogen or
phosphorus from biological to inorganic forms through decomposition,
occurring within the lake itself.

Iron: A metal dissolved in water or found in lake sediments that is involved
with internal cycling of nutrients within lakes.

Limiting Nutrient: The nutrient (typically nitrogen or phosphorus) which is
in least supply, is described as the limiting nutrient, or the nutrient
which 1limits (regulates) the extent of algae or macrophyte growth.
Typically, the control (reduction) of this limiting nutrient is viewed as a
primary mechanism for reducing macrophyte or algae growth. However, where
nutrient concentrations are extremely high (i.e., in eutrophic or
hyper-eutrophic lakes) the specific control of a single nutrient may be
inappropriate. In general, phosphorus is considered limiting if their
ratio of nitrogen to phosphorus (N:P Ratio) is 15:1 or greater.

Limnology: Scientific study of fresh water, especially the history, geology,
biology, physics, and chemistry of lakes. Also termed freshwater ecology.

Littoral Zone: That portion of a water body extending from the shoreline
lakeward to the greatest depth occupied by rooted plants.

Loading: The amount of material (usually phosphorus, nitrogen, suspended
solids and vater) entering a lake.

Macroinvertebrates: Aquatic insects, worms, clams, snails, and other animals
visible without aid of a microscopic which may be associated with or live
on substrates such as sediments and macrophytes. They supply a major
portion of fish diets, and consume detritus and algae.



Macrophytes: Rooted and floating aquatic plants, commonly referred to as
vaterveeds. These plants may flower and bear seed. Some forms, such as
duckweed (Lemna sp.) and Bladder Wort (Utricularia) are free-floating forms
without roots in the sediment.

Metalimnion: Layer of rapid temperature and density change in a thermally
stratified lake. Resistance to mixing is high in the region.

N:P Ratio: The ratio of total nitrogen to total phosphorus concentration,
which are used to describe nutrient limitation for aquatic plant growth.

Nutrients: Elements such as phosphorus, nitrogen, carbon, as well as others,
which are essential for the growth of macrophytes and algae. Although
these elements are essential to aquatic life, excessive amounts can create
unbalanced growth, an increase in algae and macrophyte biomass, and a
deterioration in water quality. These conditions may impair recreational,
aesthetic or water supply uses of lakes and ponds.

Nutrient Budget: Quantitative assessment of nutrients (e.g., nitrogen or
phosphorus) moving into, being retained in and moving out of an ecosystem;
commonly constructed for phosphorus due to its tendency to control lake
trophic state.

Nutrient Cycling: The flow of nutrients from one component of an ecosystem to
another, as when macrophytes die and release nutrients that become:
available to algae (organic to inorganic phase and return).

Organic Matter: Molecules manufactured by plants and animals and containing
linked carbon atoms and elements such as hydrogen, oxygen, nitrogen,
sulfur, and phosphorus.

Pathogen: A microorganism capable of producing disease. They are of great
concern to human health relative to drinking water and swimming beaches.

pH: pH, the measure of hydrogen ion concentration on an inverse logrithmic
scale, is determined by the concentration of acids and bases dissolved in
the wvater. The pH scale ranges from 0-14, where a pH of seven is neutral,
less than seven is acidic, and greater than seven is alkaline. Most lakes
have a pH between 6 and 8. However, lakes having large ground water inputs
or receiving acid precipitation may have lower pH.

Phytoplankton: Microscopic aquatic plants (algae) found in open water of
lakes and oceans. May be single cells, colonies,or filaments. Growth can
be stimulated by excessive nutrient (P&N) additions to lakes, and can limit
wvater transparency, cause taste and odor problems, or impair recreational
vater uses.



Residence Time: Commonly called the hydraulic residence time--the amount of
time required to completely replace the lake’s current volume of water with

an equal volume of "new" water.

Secchi Depth: A measure of transparency of water obtained by lowering a black
and white, or all white, disk (Secchi disk, 20 cm in diameter) into water
until it is no longer visible. Measured in units of meters or feet.

Sediment: Bottom material in a lake that has been deposited after the
formation of a lake basin. It originates from remains of aquatic
organisms, chemical precipitation of dissolved minerals, and erosion of
surrounding lands.

Seepage Lakes: Lakes having either an inlet or outlet (but not both), and
generally obtaining their water from groundwater and rain or snow.

Stratification: Layering of water caused by differences in water density.
Thermal stratification is typical of most deep lakes during summer.
Chemical stratification can also occur.

Suspended Solids: Suspended solids are particulate materials in the water
column which can be removed by filtration. Common suspended solid
materials include algae, silt, and clay particles. Erosional runoff causes
increases in suspended solids concentrations. Fish and other aquatic life
can be adversely impacted by suspended material, with suspended solids
concentrations greater than 5.0 mg/l considered problematic.

Temperature: Water temperature influences a variety of biological and water
quality parameters, including dissolved oxygen. Cold water can retain more
dissolved oxygen than warmer water. Cold water temperature is also
critical to coldwater fish species.

Thermal Stratification: Lake stratification caused by temperature-created
differences in water density.

Ttophic State: The degree of eutrophication of a lake. Transparency,
chlorophyll-a levels, phosphorus concentrations, amount of macrophytes, and
quantity of dissolved oxygen in the hypolimnion can be used to assess state.



Turbidity: Turbidity is caused by suspended matter (e.g., silt, clay, soluble
colored organic compounds, etc.) in water. Turbidity is a measure of the
light scattering properties of a sample, which may affect water clarity or
visibility. The clarity of a natural body of water is a principal
determinant of the condition and/or productivity of the system.

Vatershed: A drainage area or basin in which all land and water areas drain
or flow toward a central collector such as a stream, river, or lake at a
lover elevation.

Zooplankton: Microscopic animals in lake water which graze on detritus
particles, bacteria, and algae, and may be consumed by fish.



