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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. 

-1­



2.0 LAKE AND VATERSHED 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, Yhittier 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 watershed to pond surface area ratio for Singletary Lake is small compared 
to other natural lakes, suggesting that nutrient and sediment abatement via 
watershed control has a greater potential for success. Yhereas, 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 Yater Pollution 
Control (DYPC, 1977 and the Division of Fish and Yildlife, 1979). Yater depth 
was measured along 10 transects at 45 points using a calibrated aluminum rod. 
In water 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 Yildlife 
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 hec tares 

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 REVIEV 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 swimming 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 ~se map was developed for Singletary Lake using information from 1972 
land use and vegetative cover mapping (Univ. Massachusetts, 1975). The land use 
map was 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 Vatershed. 

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 31 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: 

1. Type, age, distance from shore and condition of the system 
2. Maintenance procedures and regularity of pumping 
3. Whether the house is used year-round or seasonally 
4. Number of occupants 
5. Problems encountered with the system 
6. Detergent brand use 
7. Numbers and types of water-related appliances used 

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

3.1 BASELINE SAMPLING
 

A water quality study was conducted by the Division of Vater Pollution Control 
(DVPC) in 1984-85 on Singletary Lake. Samples were collected twice monthly from 
March to September 1985 and monthly during October through April. Figure 4 
shows 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. In 
general pH values did not reach extremes which would result in the elimination 
fish species. Alkalinity usually ranged from 5 to 17 mg/l, 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/l 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/l) 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, low 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/l. 
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 
(Yetzel, 1983). 

Bacteria 

Fecal coliform counts are used to indicate the potential presence of harmful 
bacteria or pathogens in water. Massachusetts Yater 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 Yater 
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 were 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 DYPC 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. 
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3.2 STORM SAMPLING 

Stormwater 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 DVPC. 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 Sl and S4). Both these drains 
are located along the northern shoreline of Singletary Lake. Station S2 is a 
tributary draining from Velch 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 
Sl S2 S3 S4 

Parameter 1989 1990 1989 1990 1989 1990 1989 1990 

Total 
Suspended Solids 
(mg/l) 

Total Phosphorus 
(mg/l) 

Fecal Coliform 
(#/100ml) 

Fecal 
Streptococcus 
(#/100ml) 

9.0 7.0 6.0 <1.0 1.0 3.0 

<0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

1400 550 4 14 1050 27 9 

1250 1650 46 15 530 450 100 
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3.3 SEDIMENT 

3.3.1 Sediment Quality 

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

3.3.2 Sediment Happing 

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

4.1 PHYTOPLANKTON AND CHLOROPHYLL A 

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

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

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

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

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

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

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

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

4.3 FISHERIES ASSESSMENT 

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

Stocking data indicate an annual Spring introduction of 2000, 9 inch or greater 
rainbow trout to the pond. The survey remarked on the popularity of the pond to 
anglers, and also noted was a public boat ramp with an approximate 22 car 
parking area. In addition to rainbow trout stocking, the pond has been stocked 
with brown trout, smallmouth black bass, pickerel, white and yellow perch, 
crappie, and blue gills. 
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Table 4. Fish species in order of dominance from an August 1978 sampling at 
Singletary Lake. 

COHMON NAME 

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

SCIENTIFIC NAMES 

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

PERCENTAGE
 
BY NUMBER BY WIGHT 

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

5.1 HYDROLOGIC BUDGET
 

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

these calculations are provided in Appendix 

5.1.1 Hydrologic Inputs 

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

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

5.1.2 Hydrologic Outputs 

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

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

Table 5. Hydrologic Budget Summary for Singletary Lake 

Discharge 
Source Acre-Feet Cubic Meters Percent 

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

Total Input 4091.4 5,046,669.8 100 

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

Total Output 3129.5 3,860,095.7 100 

5.2 NlITRIENT BUDGET 

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

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

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

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

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

5.3 TROPHIC STATE 

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

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

The equations for computing the Carlson TSI are as follows: 

TSISD = 60 - 14.41 In Secchi Disk (meters) 

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

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

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

1977 1984-85 1989 

TSISD 44 45 60 

*TSICHL 48 a 

TSITP 57 63 b37 

* .No data avaIlable 
:Values to low for calculation 

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

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

A. Phosphorus 

Land Use Types Area (ha) 

Urban-residential 
Forest and Vetland 
Pasture (Grazed and 

Ungrazed) 
Agriculture (Row crop) 
Atmospheric (Direct to 

open waters) 
Septic Systems 

132 
615 
128 

24 
161 

Total 

B. Nitrogen 

Land Use Types Area (ha) 

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

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

Total Loading 

Low 

83.2 
49.2 
32.0 

22.6 
48.3 

124.1 

359.4 

Low 

528.0 
1291.5 

294.4 

96.0 
1688.9 

570.8 

4469.6
 

Loading (kg/yr) 
Host Likely 

143.9 
123.0 
106.2 

53.3 
80.5 

186.2 

693.1 

Loading (kg/yr) 
Host Likely 

735.2 
1537.5 

665.6 

217.0 
3896.2 

570.8 

7622.3 

High 

359.0 
190.7 
340.5 

127.0 
193.2 

235.9 

1446.3 

High 

1502.2 
1968.0 
1395.2 

529.0 
6118.0 

570.8 

12083.2 
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Table 7. Singletary Lake Phosphorus Budget Summary. 

Kg P/Yr Percent
 
INPUTS
 

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

TOTAL 525.0 100
 

OUTPUTS
 
*Tributary Outflow 132.8 25
 

Net Retention 392.2 75
 
TOTAL 525.0 100
 

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

Watershed management alternatives which should be considered: 

stormwater management
 
watershed protection bylaws
 
wastewater management programs
 
public education.
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APPENDIX A
 
Summary of Septic System Surveys
 



Vatershed Resident Questionnaire
 
SINGLETARY LAKE
 

In 1985, the Massachusetts Division of Vater 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. Ve 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 systems, 
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 
IEP, Inc. 
P.O. 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. Vhat type of sewage disposal system do you have? 

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

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

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

5. How old is your sewage disposal system? 

[] 0-5 yrs [] 6-10 yrs [] 11-20 yrs [] over 20 yrs [] Do not know 
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6.	 How many of each appliance are connected to your sewage disposal system? 

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

7.	 Have you had any problems with your sewage disposal system? [] Yes [] No 

If yes, what problems? 
[] Repeated pump-out needed [] System clogs, backs up 
[] Odors [] Sewage surfaces through ground 

8.	 Has your system ever been rebuilt or repaired? [] Yes 

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

or drains slowly 

[] No 

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

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

10.	 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 ft [] 5-25 ft [] 25-75 ft [] 75-125 ft [] more than 125 ft 
[] Do not know 

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

12.	 Does your property have a lawn? [] Yes [] No 

If yes, approximately what size?
 
[] Less than 1/4 acre [] 1/4 acre [] 1/2 acre [] 3/4 acre [] 1 acre
 
[] More than 1 acre (specify)
 

13.	 How often do you fertilize your lawn? applications per year 
During what seasons of the year? 
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14. Please state the brand and type (liquid or granular) of lawn fertilizer you 
use. 

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

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

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

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

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

[J too many weeds [J poor water quality [J too much algae
 
[J objectionable odor and/or color [J unsuitable for boating
 
[J muck/slime on bottom [J unsuitable for swimming
 
[J other [J no problems
 

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

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

-3­



18.	 Do you, members of your household, or guests fish the lake? [] Yes [] No 

If yes, with what regularity? 
[] Daily [] 3-6 times per week [] 1-2 times per week 
[] less than 4 times per month 

During what seasons? [] Summer [] Fall [] Yinter [] Spring 

19.	 Yhich 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 

[ ] Yhite perch 

[ ] Largemouth bass 

[ ] Smallmouth bass 

[ ] Bluegill 

[ ] Pumpkinseed 

[ ] Chain pickerel 

[ ] Rainbow trout 

[ ] Yellow bullhead 

[ ] Brown bullhead 

[ ] Yhite sucker 

[ ] Other 

20. Yould you be interested in learning more about lakes and their processes and 
preservation (Le. through an educational program)? [] Yes [] No 
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SUKKARY 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 Vithout Any Residences 2 
Day Use Only 2, population 5 

Type of Vastewater Disposal Systems 

Cesspool 18 None 1 
Septic Tank 46 Unknown 1 
Outhouse 1 

Distance of Vastewater Disposal System from Shoreline 

o - 5 feet o 75 - 125 feet 22 
5 - 25 feet 2 > 125 feet 19 

25 - 75 fee 20 Unknown 2 

Age of Vastewater Disposal System 

o ­ 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 
Vashing Machine 24 Roof/Pavement drains 1 
Dishwasher 18 Dehumidifier/Drain 1 
Sump Pump 2 

Problems with Vastewater Disposal System 

None 59 Yes 3 - odors, sewage surfaces through ground 

Repairs to Vastewater Disposal System 

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



Frequency of Vastewater Disposal System Pump-out 

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

Type of Vater Supply 

Bedrock well 38 Bottled Vater 
Dug VeIl 13 unknown 

1
4 

Artesian 4 

Distance of VeIl from Shoreline 

o ­ 5 feet 
5 - 25 feet 

25 - 75 feet 

o 
3 
9 

75 - 125 feet 
> 125 feet 

20 
27 

Number of Properties with Lawns 

Yes 54 None 7 

Size of Lawn 

> 1/4 acre 
1/4 acre 

30 
10 

3/4 acre 
1 acre 

3 
3 

1/2 acre 7 > 1 acre
 

Lawn Fertilizer Applications per Year
 

None 29 Twice 8 
Once 13 3 -4 7 

Type of Fertilizer Used 

1
 

Lime 4 Liquid o 
Granular 19 Professional Contractor 5 

Season when Fertilizer is Used 

Spring 23 Fall 14 
Summer 9 



Importance of Lake Uses 

Host Important Second Third 

Swimming 55 2 2 
Boating 2 21 15 
Sailing 2 12 6 
Fishing 3 14 9 
Yater skiing 0 3 7 
Ice skating 0 0 1 

Has the Condition of the Lake Changed? 

Yes 54 No 5 

How Has the Lake's Condition Changed? 

Increased Boating 39 Yater Quality Improvement 2 
Increased Yeeds 8 Increased Muck 1 
Increased Algae 7 Loss of Yater Clarity 1 
Poor Yater Quality 6 Noise 1 

Vhat are the Vorst Problems Facing the Lake 

Host Severe Second Third 

Poor Yater Quality 15 5 0 
Aquatic Yeeds 11 2 4 
Muck/Slime 6 6 5 
Algae 5 12 5 
Over Utilization 4 1 1 
Unsuitable for Swimming 1 4 0 
Objectionable odor/color 1 1 2 

Number of Residents that Fish the Lake 

Yes 37 No 16 

Regularity of Fishing 

Daily o 1 - 2 Times per Yeek 
3 - 6 Times per Yeek 4 < 4 Times per Month 

Season when Fishing Occurs 

Summer 34 Yinter 7
 
Fall 11 Spring 13
 



Species of Fish Caught in Lake 

Yellow perch 
lrlhite perch 
Largemouth bass 
Smal Imouth bass 
Bluegill 

Chain pickerel 
Rainbow trout 
Yellow bullhead 
Brown bullhead 
lrlhite Sucker 

Pumpkinseed 

Are You Interested in Public Education on Lake Management? 

Yes 30 No 9 



APPENDIX B
 
Vater Quality Data
 



Table JJ. &mIBIy of SiqJl.etaIy lake vater ()Jality in 1984-85 (as average calC81tratioos) 

Statims 
rac.era­ ]A 1B 1C 2 3 4 5 6 7 8 9 

PI (s.u.) 6.2 5.8 5.8 5.8 5.5 6.4 6.1 6.1 5.4 5.4 5.8 

QnJuctivity 78 78 83 72 56 93 206 143 85 58 94 
(JIIhos/an) 

Alkalinity 14 9 9 11 7 10 15 20 13 6 11 

&JspeoIed Solids 4.3 1.5 4.5 4.5 6.2 3.9 4.4 6.8 4.1 17.6 3.1 

Total Solids 85 52 54 59 62 64 153 124 54 121 66 

Kjeldahl Nitrogen 0.67 0.68 0.69 0.79 0.69 0.70 0.96 0.76 0.88 0.69 0.58 

Aamia Ni trogen 0.05 0.06 0.09 0.06 0.03 0.06 0.06 0.14 0.10 0.05 0.15 

Nitrate Nit~ 0.04 0.00 0.28 0.06 0.14 0.10 0.15 0.64 0.12 0.13 2.1 

Total Hardness 18 17 18 19 14 21 48 33 11 12 19 

01l0ride 10 10 10 8 2 14 37 32 4 2 7 

Total 8JosIi1oros 0.06 0.06 0.07 0.05 0.05 0.06 0.06 0.07 0.06 0.14 0.12 

Total Colifom 24 - - 152 362 6fll 520 1578 5487 381 310 
(1/100 ml) 

Fecal Colifom? 8 - - 8 32 39 88 602 514 26 8 
(1/1OODl) 

lbte: All cmcentratioos are og/l unless indicated otherwise. 



TABLE 1 
SI~LErARY POND 

pH <Standard Units) 

1984 1935 

Date of Collection I 1 ~ 
.L.L-U-­ 12-12 1-24 -­ 2-26 3-19 4-2 - 4-16 4-29 5-13 5-29 6-11 

Station # 

1 - 'Ibp 6.3 6.7 5.3 - 5.1 5.5 6.7 7.2 S.4 6.5 6.5 

1 - Middle 

1 - Bottom S.2 6.9 6.1 -­ 4.9 6.2 6.8 6.7 5.8 6.2 5.5 

2 Main Inlet 7. U 6.6 5.4 3.6 5.7 6.7 5.5 5.S 5.9 6.3 5.6 

3 NW Inlet 6.5 6.3 5.0 3.7 3.5 6.8 5.7 5.7 5.3 5.6 6.3 

4 Outlet -­ -­ 5.3 4.7 6.1 7.4 6.1 5.8 5.7 6.7 6.5 

5 SE Inlet 6.2 6.7 F 4.2 6.1 7.2 6.0 6.0 5.2 6.8 NF 

6 Storm Drain -­ 6.6 F 5.4 3.4 5.5 6.6 7.1 6.0 9.1 NF 

7 Storm Drain -­ 5.9 F 3.7 2.0 4.8 6.4 5.9 4.0 8.8 6.a 

8 Wet land (Inlet> -­ -­ F 5.4 4.7 5.4 5.7 5.7 4.6 5.2 NF 

9 Storm Drain -­ F -­ 5.0 5.4 6.7 6.5 5.4 NF NF 

F = Frozen 
NF = No Flow 



TABLE 1 (CON'fINUED) 
SIr-J3LEfARY POND 

pH <Standard Units) 

Date of Collection 6-21-­ 7-9- 7-22-­ 8-6 8-21 9-3- l()-9
-­

Station # 

1 - Top 5.3 5.6 6.8 7.5 6.1 5.6 5.6 

1 - Middle 5.l. 5.7 6.5 -­ 5.7 

1 - Bottom 4.8 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 ~.s NF NF NF NF 5.2 6.3 

4 S.d 6.0 6.5 6.8 5.4 5.4 6.6 

5 NF' NF NF 6.9 NF 5.3 6.6 

6 NF NF NF NF NF NF 5.4 

7 Nt" NF NF NF NF 6.4 4.9 

8 s.') NF NF NF N1" NF 6.4 

9 Nl" NF NF NF NF NF NF 

F = Frozen 
NF = No Flow 



'rABLE 3 
SIf.\l;LE'rARY POND 

Total Alkalinity (ng/l as CaC03) 

1984 1985 

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

Station it 

1 - 'Ibp 15 17 12 -­ 11 10 7 9 13 12 :> 

1 - Middle 

1 - Bottom :3 11 9 -­ -­ 8 8 6 7 10 7 

2 17 ·13 12 7 7 7 9 9 9 12 10 

3 3 6 6 8 4 4 6 6 10 11 11 

4 -­ -­ 6 10 1J 5 9 9 11 11 6 

5 1:) 11) F 7 12 13 15 14 20 21 NF 

6 -­ 18 F 18 5 17 23 25 28 29 NF 

7 -­ 5 F 17 7 3 2 5 4 5 4 

8 -­ -­ F 2 5 7 6 6 6 1U NF 

9 -­ -­ F -­ 10 8 9 15 12 NF NF 

F = Frozen 
NF = No Flow 



'rABLE 3 (CONTINUED) 
SI~LE'rARY POND 

Tot.al, Alkalinity (ug/l as CaC03) 

Date of Collection 6-24 7-9 7-22 8-6 8-21 9-3 10-9 

Station # 

1 - Top 9 11 10 8 51 11 12 

1 - Middle 9 9 ro -­ a 

1 - Bottom U 15 14 10 9 14 7 

2 L2 10 18 9 21 12 1·J 

3 12 NF NF NF NF 7 10 

4 LL 15 16 8 10 12 13 

5 NF NF NF 18 NF 18 18 

6 NF NF NF NF NF NF 14 

7 NP NF NF NF NF 89 5 

8 10 NF NF NF NF NF 11 

9 NF NF NF NF NF NF NF 

F = Frozen 
NF = No Flow 



'fABLE 4 
SIN3LErA.~Y POND 

Suspended Solids (ng/l> 

1934 1985 

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

Station # 

1 - Top 3.) 3.0 4.0 -­ 4.5 6.a 3.u 7.J J.:J 6.0 2.5 

1 - Middle 

1 - Bottom 3.d 3.0 4.5 -­ -­ 3.0 2.0 a.o 1.:) 6. :) 4.::> 

:2 3.,) 3.0 5.5 11.0 3.0 5.il 2.0 3.0 1.0 5.5 2.0 

3 J.J '1. 5 3.~ 1.5 3.0 5.t) 12.J 8.5 19.u 2.5 3.0 

4 -­ -­ 5.u 4.0 4.5 6.5 3.0 7.u J.S 3.0 4.U 

5 2. 0) 1.5 F ).5 6.0 4.5 3.::> 3• .5 J.5 5.5 NF 

6 -­ 3.0 F d.O 4.0 21.0 2.0 7.5 1. 1) 7.J NF 

7 -­ -­ F 3.0 )~5 4.5 u.S 4.5 U.S 5.il 3.u 

8 -­ 7.0 F 16.0 5.5 3.0 7.5 7.0 27.0 5.5 NF 

. 9 -­ -­ F -­ 3.1) 4.5 1.0 6.5 U.S NF NF 

F = Frozen 
NF = No Flo\~ 



'fABLE 4 (COm'INUf:D) 
srr-;r:;LErARY POND 

Suspended Solids (mg/l) 

Date of Collection 6-2:1 7-9 7-22 3-6 8-21-­ 9-3 111-9 

Station • 

1 - Top l.d 0.5 O.ll 0.5 12.0 6.il n..o 

1 - Middle L.G 1.5 l.a -­ 2.5 

1 - Bottan l.5 3.0 3.5 3.D 5.5 8.0 8.J 

2 '2. I) 6.5 3.5 2.5 2.5 12.0 B.O 

3 5. o NF NF NF NF 6.0 11.0 

4 1.5 2.5 0.5 0.0 2.5 4.;) 14.0 

5 NI:" NF NF 3.5 NF 6.5 13.0 

6 I\JF NIt' NF NF NF NF !l.u 

7 Nlo' NF NF NF NF 10 
,..
0.:> 

8 34 NF NF NF NF NF 8.0 

9 '\lL~ NF NF NF NF NF NF 

F = Frozen 
NF = til:> Flow 



TABlE 2 
snG.ErARY p(H) 

Specific Caxluctivity (lIIins/an) 

[Bte of Collectim 6-24 7-9 7-22 8-6 8-21 9-3 10-9 11-6 12-12 1-24- 2-26 3-19 4-2 4-15 4-29 5-13 5-29 6-11 

Statim # 

1- Top 00 81 69 81 84 78 00 75 74 85 - 74 78 00 tt 78 83 81 

1 - Middle 79 00 81 - 85 - - - 74 16 - 73 tt 00 76 n 83 00 

1 - Bottan 90 83 84 88 120 85 00 75 73 78 - 72 76 78 75 n 83 00 

2 67 66 67 63 68 69 tt - 90 103 69 72 71 55 81 74 71 67 

3 33 NF NF NF NF 70 55 97 61 54 56 47 42 IIJ 42 37 36 38 

4 85 104 95 114 119 1~ 76 - - 00 74 78 78 102 96 90 89 79 

5 NF NF NF 173 NF 181 202 D. 200 - 200 206 210 182 198 1n 212 

6 NF NF NF NF NF NF 125 - 111J - 209 188 166 210 251 234 245 

7 NF NF NF NF NF 278 45 - - - 45 so 44 so 37 37 31 45 

8 42 NF NF NF NF NF 43 - - - 47 71 49 36 41 37 39 

9 NF NF NF NF NF NF NF - - - - 94 93 95 75 89 

F = Frozen 
NP =No Flaw' 



TABLE 5 
SII\K;L~ARY POND 

'Pot.al, Solids (ug/l) 

L984 1985 

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

Station # 

1 - 'Ibp 66 10 66 -­ 5u .t6 42 60 20 70 89 

1 - Middle 

1 - Bottom 62 3'l 52 -­ -­ 52 46 44 14 50 . 68 

2 dtl 46 66 60 52 60 42 6J 20 54 64 

3 L40 66 50 60 S8 38 42 52 30 68 SU 

4 -­ -­ S8 64 48 40 54 7J 3tl 82 54 

5 280 141) fi' 140 130 140 110 130 32 170 NF 

6 -­ 80 F 16J 12tl 94 120 1::>0 U4 182 NF 

7 -­ 44 F 56 52 28 32 34 14 46 62 

8 -­ -­ F 58 66U 41 64 34 36 56 f\JF 

9 -­ -­ F -­ 7-1 66 48 9U :jJ NF NF 

F = Frozen 
NF = ~ Flow 



TABLE: 5 (COI.\1I'INUED) 
SIf'GLE'rARY .POND 

Total Solids (ng/l> 

Date of Collection 6-24 7-9 - 7-22 8-6 8-21-­ 9-3 10-9 

Station # 

1 - Top 60 60 50 52 42 84 550 

1 - Middle 56 64 60 - 26 

1 - Bottom 58 72 7u 56 42 64 70 

2 66 70 66 46 40 64 92 

3 54 NF NF NF NF 66 94 

4 6d 74 lu8 62 64 72 82 

5 NF NF NF 150 NF 150 210 

6 NF' NF NF NF NF NF 100 

7 NF NF NF NF NF 160 70 

8 :jJ NF NF NF NF NF 6J 

9 I\JF NF NF NF NF NF NF 

F = Frozen 
NF = No FlO\'1 



TABLE 6 
SIOOLIITARY POND 

'Iot.aL Kjeldahl-Nitrogen (rrg/l) 

1984 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 0.46 0.92 0.34 -­ 0.57 0.49 0.46 0.79 0.38 0.82 O.5S 

1 - Middle 

1 - Bottom 0.32 0.70 0.55 -­ -­ 0.38 0.40 3.75 1'>'90 0.62 0.60 

2 0.40 0.65 0.63 1.6 0.60 0.34 J.13 0.82 1.1 0.87 0.89 

3 0.49 iJ.78 0.69 1.3 0.53 0.30 0.12 0.63 1.2 0.77 0.52 

4 -­ -­ 0.46 1.3 0.63 0.25 0.22 0.77 0.90 0.ll8 0.42 

5 O.7d v.78 F 1.6 0.89 a.57 0.25 0.85 1.2 0.92 NF 

6 -­ 0.72 F 1.4 1.1 0.21 3.29 0.90 l.0 0.83 NF 

7 -­ 1.6 F 1.3 0.78 0.78 0.13 D. J.1 J.99 0.97 0.64 

8 -­ -­ F 1.6 0.93 0.37 J.2J 0.48 0.92 0.31 NF 

9 -­ -­ F -­ 0.81 0.24 J.45 0.87 v.53 NF NF 

F = Frozen 
NF = tb Flow 



TABLE: 6 (COm'INUED) 
SIf\GLErr'ARY POND 

Total Kjeldahl-Nitrogen (mg/l> 

Date of Collection 6-24-­ 7-9 7-22 8-6 8-21 9-3 10-9-­

station 1# 

1 - 'rap O.B 1.1 0.64 0.56 tJ.36 1.4 u.57 

1 - Middle 0.59 1.0 a.59 -­ 0.55 

1 - Bottom 0.63 l.0 0.36 0.39 0.90 1.6 0.51 

2 0.4:) 1.4 0.91 0.6-1 0.58 1.7 u.48 

3 I). )2 NF NF NF NF 1.3 0.48 

4 U.'5J 0.98 0.81 0.54 0.52 1.7 0.30 

5 NF NF NF 0.93 NF 2.u Ll.70 

6 N£" NF NF NF NF NF u.53 

7 NF' NF NF NF NF 1.4 !J.38 

8 0.58 NF NF NF NF NF u.29 

9 NF NF NF NF NF NF NF 

F = Frozen 
NF = tb Flow 



TABLE 7 
SI~LErARY POND 

Arn:nonia-Nitrogen (ny/l> 

19d4 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 O.U4 (L07 0.01 -­ 0.04 o.os 0.09 0.131 J.Jl Ll.u6 0.12 

1 - Middle 

1 - Bottom u.J2 J.23 0.01 -­ -­ 0.01 0.06 0.00 ().01 0.1)4 0.44 

2 a.oz 0.07 0.09 0.01 0.04 0.00 0.05 J.B 0.01 0.04 J.18 

3 0.1)2 0.06 0.02 0.01 i).03 O.LlO 0.08 Ll.04 Ll.Ol 0.04 0.03 

4 -­ -­ 0.16 0.01 0.06 0.00 0.07 0.01 d.Ll1 Ll.04 0.01 

5 J.03 0.u6 F 0.03 J.07 O.US U.l)7 0.26 o.rr 0.04 NF 

6 -­ 0.10 F 0.60 0.08 Ll.07 0.10 O. is 0.06 0.08 NF 

7 -­ 0.07 F 0.03 0.12 0.06 0.09 U.Ll5 ,L03 0.05 Ll.33 

B -­ -­ F 0.05 0.08 u.iO 0.07 0.04 0.00 0.04 NF 

9 -­ -­ F -­ O.lu 0.i2 0.16 0.3J 0.07 NF NF 

F = Frozen 
NF = No Flow 



TABLE 7 (CONrlNUED)
 
SIM:;LErARY POND
 

Arrm:>nia-Ni trogen (mg/l) 

Date of Collection 6-24-­ 7-9- 7-22 8-6 8-21 -­ 9-3 10-9 

Station it 

1 - 'Ibp ILlO LI.04 0.08 0.02 0.0::> 0.08 0.01 

1 - Middle v.05 0.14 0.03 - ­ 0.02 

1 - Bottan U.J3 0.06 0.03 0.07 0.25 U.12 u.u2 

2 1).1)7 0.12 0.07 0.02 0.03 0.03 v.03 

3 ,).01 NF NF NF NF 0.02 0.03 

4 J.l2 0.15 0.06 0.03 0.07 0.10 0.02 

5 NP NF NF 0.02 NF 0.02 v.03 

6 I\JF NF NF NF NF NF LI.03 

7 NP NF NF NF NF 0.14 0.09 

8 0.03 NF NF NF NF NF v.02 

9 NP .NF NF NF NF NF NF 

F = Frozen 
NF = No Flow 



--

-- --

-- --

--

--

-- --

-- -- --

TABLE 8 
SI~LETARY POND 

Nitrate-Nitrogen (mg/l) 

1984 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.u U.O 0.0 0.1 0.0 ll.O 0.0 ll.O 0.0 0.1 

1 - Middle 

1 - Botton U.\.l 0.2 0.0 O.ll 0.0 ll.l 0.0 O.ll 0.0 

2 J.2 0.1 0.1 1l.2 0.1 0.1 0.0 ll.O u.D 0.0 0.0 

3 J •.) 0.3 0.1 0.3 0.1 0.2 0.1 d.l 0.1 0.1 0.1 

4 0.1 0.0 0.1 0.1 0.0 O.J 0.1) 0.0 ll.ll 

5 J.4 0.2 F 0.5 0.1 0.1 0.0 0.0 o.s O.ll NF 

6 0.7 F 1.2 0.9 0.6 0.7 0.4 u.S 0.6 NF 

7 0.0 F 0.2 0.1 0.1 0.1 0.1 0.1 ll.O 0.3 

8 F 0.2 a.l 0.6 0.0 ll.l U.O 0.1 NF 

9 F . 2.3 1.5 2.1 3. l 1.6 NF NF 

F = Frozen 
NF = No Flo\-l 



'rABLE: 8 (COm'INUED) 
SII'GLEI'ARY POND 

Nitrate-Nitr~~en (rug/l) 

Date of Collection 6-24-­ 7-9 7-22-­ 8-6 - 8-21 9-3 lu-9-­

Station # 

1 - 'lbp v.l 0.0 0.2 0.0 u.l O.U O.l 

1 - Middle d.O 0.2 0.1 -­ 0.0 

1 - Bottom 0.0 0.1 0.0 0.1 3.9 0.0 O.U 

2 0.1 U.O 0.0 O.V 0.1 0.0 0.1 

3 0.1 NF NF NF NF 0.1 0.2 

4 1.0 0.0 O.Ll 0.1 0.0 0.2 0.0 

5 Nl" Nl" NF 0.0 NF O.J O.ll 

6 NP NF NF NF NF NF 0.2 

7 NF NF NF NF NF 0.2 0.1 

8 O.l NF Nit' NF NF NF 0.0 

9 N\.<' NF NF . NF NF NF NF 

F = Frozen 
NF = No Flow 



--

--

-- --

-- --

--

--
-- --

-- -- --

TABLE 9 
SI~LETARY POND 

Total Hardne3s (mg/l as CaC03) 

1984 1985 

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

Station # 

1 - Top 16 17 19 18 19 20 17 1a 17 19 

1 - Middle 

1 - Bottom 15 16 18 19 20 17 19 ],8 20 

2 24 21 27 20 19 21 22 20 18 20 19 

3 n IS 17 15 11 12 13 13 11 9 13 

4 19 17 17 19 24 20 20 17 19 

5 69 39 F 37 38 40 39 38 34 41 NF 

6 31 F 33 34 33 44 42 30 39 NF 

7 10 F 11 9 10 9 8 8 8 11 

8 F 13 13 12 11 11 13 12 NF 

9 F 19 19 21 21 17 NF NF 

F = Frozen 
NF = No Flow 



TABLE 9 (CONTINUED) 
SI~LEfARY POND 

'fotal Hardness (rrg/l as CaCO 3 ) 

Date of Col12Ction 6-24-­ 7-9 - 7-V. -­ 8-6 B-21 9-3 10-9 -­

Station # 

1 - Top 23 16 17 18 12 17 15 

1 - Middle 19 13 17 -­ 13 

1 - Bottom 19 15 17 19 16 13 15 

2 l~ 17 16 17 14 19 17 

3 II NP NF NF NF 15 13 

4 zo 18 18 62 16 13 15 

5 N(~ NF NP ISO NF 25 30 

6 ~·w NF NF NF NF NP 15 

7 NF NF NF NF NF 29 8 

8 13 NP NF NF NP NF 11 

9 NF NF NF NF NF N!:" NP 

F = Frozen 
NF = No Flow 



TABLE lJ 
SI~LE'rARY POND 

Chloride (mg/l) 

1984 198:5 

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

Station # 

1 - Top 9 lJ 11 -­ L) 10 11 to 10 H 11 

1 - Middle 

1 - Bottom 111 9 10 -­ -­ 9 11 10 10 13 H 

2 11 10 8 7 8 8 9 8.0 8 17 8 

3 3 'l 2 5 3 2 2 2.0 l 1 1 

4 -­ -­ 10 9 lJ lJ 19 13 14 13 11 

5 S6 36 F 40 43 42 34 Id 32 42 NF 

6 -­ 16 F 39 34 26 3S 46 41 42 NF 

7 -­ 2 F 4 5 3 5 3 i 2 2 

8 -­ -­ F 3 10 2 1 1 1 1 NF 

9 -­ -­ F -­ 9 7 7 6 4 NF NF 

F = Frozen 
NF = tb Flow 



TABLE 10 (CONTINUED)
 
SINGLErARY POND
 

Chloride (llg/1) 

Date of Collection 6-l4 7-9- 7-22 - ­ d-6 - 8-21 9-3 10-9 - ­

station # 

1 - Top 11 10 10 10 10 11 11 

1 - Middle lJ 10 10 - ­ 10 

1 - Bottom LJ 9 10 11 10 10 11 

2 7 6 7 5 6 8 IJ 

3 a NF NF NF NF 2 4 

4 12 14 17 20 20 13 11 

5 NP NF NF 30 NF 36 39 

6 NP NF NF I\F NF NF 8 

7 NF Nf:<' NF N1" NF 14 3 

8 1 NF NF NF NF NEt"' 2 

9 Nt" NF NF NF NF NF 

F = Frozen 
NF = No Flow 



TABLE 11
 
SIf\I3LE:I'ARY POND
 

Total Phosphorus (mg/l)
 

1984 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 o.06 0.08 0.06 -­ 0.07 0.03 O.JS 0.17 0.u4 0.02 0.04 

1 - Middle 

1 - Bottom 0.07 0.v6 v.05 -­ - ­ 0.02 0.12 0.05 tL04 (L02 0.13 

2 J.uS 0.05 0.05 0.05 0.07 0.02 0.04 0.04 3.04 (L03 0.05 

3 0.04 0.04 0.05 0.06 J.07 0.02 (L06 J.04 0.09 0.05 0.06 

4 -­ - ­ 0.04 o. 06 0.08 0.01 0.06 0.U5 0.u5 0.06 0.01 

5 11.06 0.05 F 0.07 u.05 0.02 0.06 0.07 v.06 0.07 NF 

6 - ­ 0.07 F 0.09 0.07 J.04 0.07 O.lJ 0.07 0.11 NF 

7 - ­ 0.05 F 0.07 0.04 Il.02 0.08 0.10 0.06 0.10 0.04 

8 - ­ - ­ F 0.16 0.05 0.02 u.13 u.IJ3 0.08 0.35 NF 

9 - ­ - ­ F - ­ 0.11 0.06 0.14 0.27 0.\.l2 NF NF 

F = Frozen 
NF = I:b Flm'l 



TABLE 11 (CONTINUED)
 
SIf.GLErARY POND
 

Total Phosphorus (mg/l)
 

Date of Collection 6-24- ­ 7-9 7-22 8-6- 8-21- ­ 9-3- lU-9 

Station * 
1 - 'rap \3.04 0.01 0.04 ,).07 u.12 0.04 u.u2 

1 - Middle 0.03 0.04 0.03 - ­ u.16 

1 - Bottom (L04 0.03 0.08 0.07 0.22 0.08 0.02 

2 0.05 0.04 0.J5 0.07 0.17 0.07 0.03 

3 v.\34 NF NF NF NF 0.07 0.03 

4 J.iJ4 0.u3 0.u5 0.07 0.18 0.08 0.03 

5 NE" NF NF 0.12 NF u.u 0.04 

6 NF' NF NF NF NF NF 0.1)4 

7 I>JJ" NF NF NF NF 0.J3 O.Oj 

8 :J..6 NF NF NF NF NF 1J.1u 

9 NF NF NF NF NF NF Nf' 

F = Frozen 
NF = No Flow 



TABf...E 12 
SIOOLEfARY roND 

Bacteriological Analysis (#/100 ml) 

198:! 1985 

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

Station # 

1 - Total 
Fecal 

10 
<5 

20 
<10 

<5 
<5 

-­
-­

-­
-­

<20 
<lll 

10 
<If) 

<20 
<lJ 

10 
<S 

2U 
<5 

lUO 
<10 

2 - Total 
Fecal 

2u 
<5 

<20 
<lJ 

10 
<5 

20 
<s 

II) 
<5 

<20 
10 

34Q 
<Ill 

6JO 
<10 

2;)0 
<5 

220 
<10 

200 
<10 

3 - 'fotal 
Fecal 

LW 
20 

<20 
<10 

<5 
<5 

20 
<S 

140 
<5 

<20 
<10 

120 
tiJ 

960 
<10 

lOJ 
<S 

260 
40 

700 
60 

4 - Total 
FecaL 

-­
-­

-­
-­

<5 
<5 

10 
<5 

20 
<5 

20 
<10 

liOO 
10 

1300 
30 

760 
10 

1400 
lSU 

35UO 
10 

5 - Total 
Focal 

130 
711 

14ll 
10 

F 
F 

40 
30 

60 
<5 

160 
80 

650 
5 

izoo 
40 

9uJ 
10 

12JO 
6UO 

NF 
NF 

6 - Total 
Fecal 

-­
-­

3aO 
80 

F 
F 

20 
<5 

1,)0 
<5 

1200 
520 

1000 
c:> 

31110 
78J 

320ll 
2()JO 

8600 
2000 

NF 
NF 

7 - Total 
Fecal 

-­
-­

180 
<10 

F 
F 

60a 
3ll 

300 
10 

4JllJ 
<10 

780 
lll0 

1700 
3::30 

:SllO 
30 

8JQ 
60 

300 
<10 

8 - Total 
Fecal 

-­
-­

-­
-­

F 
F 

10 
<5 

240 
SO 

40 
20 

100 
<S 

2J,) 
<10 

1000 
<10 

240 
III 

NF 
NF 

9 - Total 
Fecal 

-­
-­

-­
-­

F 
F 

-­
-­

8J 
<5 

720 
10 

40 
<5 

-­
-­

4JlJ 
<lll 

t.JF 
NF 

NF 
NF 

F 
NF 

= 
= 

Frozen 
No Flow 



TABT.B 12 (CONrlNUED)
 
SII.'l;LE:rARY POND
 

Bacteriological fulalysis (#/100 ml) 

Date of Collection 6-24- ­ 7-9 - 7-22 - ­ 8-6 8-21 9-3 1:)-9
- ­

Station # 

1 - Total 20 10 10 10 7Q 40 <s 
Fecal /\­,:.> <5 <5 <5 <20 <10 <s 

2 - Total 20;) 200 4·J 240 200 20J <5 
Fecal 10 <5 5 S 20 <10 <s 

3 - Total 
Fecal 

6LlO 
L')u 

NF 
NF 

NF 
NF 

NF 
NF 

NF 
NF 

900 
30 

500 
60 

4 - 'fatal 340 1400 80 22Q 200 100 120 
Fecal 40 210 30 20 <20 60 10 

5 - Total ~ NF NF 520 NF 70U 540 
Fecal :-.w NF NF 20 NF 90 lLlO 

6 - Total i\JF NF NF NF NF NF 380 
Fecal NF NF NF NF NF NF 20 

7 - Total Nf.<' NF NF NF NF SO,OOO 1200 
Fecal N~' NF NF NF NF SOOQ 10 

8 - Total 600 NF NF NF NF NF 1000 
Fecal laO NF NF NF NF NF 20 

9 - Total NF NF NF NF NF NF NF' 
Fecal Nf.<' 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 

'? , 
w\;-f2 '-"', I 



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 

~'M:. 

i-:..;)"'"~ 

) () ,) 

1984 
DEPTH 
~ 11/6 12/12 

0(' 
2.8Surf. 12.0* 

00 12.5** 12.3 

1/24 

0.7 
15.2 

2/26 

-­
-­

3/19 

4.3 
12.2 

4/2 

6.5 
II. 7 

4/16 

II. 3 
10.9 

4/29 

12.5 
10.0 

5/13 

16.6 
11.4 

1985 

5/29 6/11 

18.9 19.7 
8.6 7.5 

6/24 

21. 3 
9.1 

7/9 

23.7 
8.4 

7/22 

25.3 
8.1 

8/6 

24.6 
8.7 

8/21 

24.7 
8.9 

9/3 

21.7 
7.4 

10/9 

16.6 
10.3 

1.0 12.0 
10.7 

2.8 
12.2 

1.4 
15.1 

-­
-­

4.1 
12. I 

6.5 
11.8 

11.3 
10.9 

12.5 
10.0 

16.4 
11.4 

19.0 
8.6 

19.6 
7.8 

21. 2 
9.1 

23.2 
8.3 

25.4 
8.0 

24.5 
8.5 

24.5 
8.0 

20.6 
7.4 

16.6 
9.6 

2.0 12.0 
10.0 

2.8 
12.2 

1.4 
14.8 

-­
-­

4.1 
11.9 

6.5 
1I.8 

10.1 
10.8 

12.4 
9.9 

16.0 
11.5 

19.0 
8.7 

19.7 
8.1 

20.8 
8.6 

23.1 
8.2 

25.3 
7.9 

24.2 
8.4 

24.3 
7.9 

20.9 
7.2 

16.6 
9.0 

3.0 12.0 
9.7 

2.7 
12.1 

1.5 
14.4 

-­
-­

4.0 
11.9 

6.5 
n .e 

9.8 
11.2 

12.4 
9.9 

15.6 
ll.5 

19.0 
8.8 

19.6 
8.2 

20.8 
8.7 

23.0 
8.2 

25.0 
7.9 

23.7 
8.5 

24.2 
7.7 

20.4 
7.0 

16.6 
8.8 

/I(,g 41 

'1,") 
4.0 12.0 

9.5 
2.8 

12.2 
1.5 

14.3 
-­
-­

3.8 
11.8 

6.5 
11.9 

9.2 
II. 3 

12.3 
10.0 

14.4 
11.6 

19.0 
8.9 

19.4 
8.3 

20.4 
8.4 

20.4 
8.5 

24.8 
7.9 

23.7 
8.4 

24.1 
7.3 

20.4 
6.8 

16.6 
8.6 

5.0 11.9 
9.4 

2.7 
12.2 

1.6 
13.4 

-­
-­

3.8 
11.8 

6.5 
12.0 

9.0 
11.4 

12.2 
10.0 

14.0 
11.3 

18.9 
9.0 

19.4 
8.4 

20.1 
8.4 

18.9 
8.4 

22.8 
7.9 

23.4 
8.2 

24.0 
7.6 

20.4 
6.8 

16.5 
8.5 

6.0 11.9 
9.4 

2.8 
12.1 

1.9 
12.7 

-­
-­

3.7 
11.7 

6.5 
11.9 

8.9 
11.4 

12.2 
10.0 

13.8 
10.8 

16.4 
7.3 

18.5 
8.0 

19.3 
6.1 

18.4 
6.4 

19.9 
7.2 

23.1 
6.5 

23.1 
2.0 

20.4 
6.1 

16.5 
8.5 

7.0 -­ 2.8 
11.9 

2.2 
II. 3 

-­
-­

3.7 
11.6 

6.5 
11.9 

8.8 
11.4 

12.2 
9.8 

13.4 
10.3 

15.5 
5.2 

16.7 
2.3 

17.5 
2.6 

17 .8 
2.7 

18.2 
1.4 

21.6 
2.2 

21.3 
0.6 

20.2 
5.9 

16.5 
8.4 

1),6 -7 
(; ·1 

8.0 -­
-­

3.0 • 
II. 3 

2.3 
10.6 

-­
-­

3.7 
11.6 

6.4 
12.0 

8.5 
10.6 

10.7 
8.4 

13.4 
10.2 

-­
-­

15.7 
0.2 

16.7 
0.7 

17.4 
0.9 

17.9 
0.3 

19.5 
0.5 

19.9 
0.• 6 

20.0 
4.9 

16.5 
8.3 

9.0 -­ -­ -­ - - -­ -­ -­ -­ -­ -­ 15.0 
0.0 

15.5 
0.3 

16.9 
0.3 

-­
-­

-­
-­

18.6 
0.6 

19.2 
0.5 

16.5 
8.4 

* Temperature (OC)
,1 ** Dissolved Oxygen (mg/l) 



SINGLETARY POND
 

TEMPERATURE AND DISSOLVED OXYGEN DATA 

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 1.3 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 7.7 8.8 Flow Flow Flow Flow 5.9 Flow 7.5 8.5 

6 -­ 4.2 Frozen 2.9 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 1.7 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 8.4 

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 

.. 
* Temperature (Oe) 
** Dissolved Oxygen (mg/1) 



--

SINGLETARY POND 

DISCHARGE MEASUREMENTS {cfs} 

1984 I 
STATION I 11/6 12/12 1/28 2/26 , a/19 4/2 4/16 

1985 
4/29 5/13 5/29 6/11 6/24 7/9 7/22 8/6 8/21 9/3 10/9 

2 I 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 

3 I0.48 0.77 0.07 1.35 1.09 1.39 0.99 0.72 0.69 0.52 0.14 0.04 
No 
flow 

No 
flow 

No 
flow 

No 
flow 0.16 0.31 

4 
No 
flow 

No 
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 

5 10.185 0.729 Frozen 0.511 0.298 0.675 0.223 0.109 0.103 0.106 
No 
flow 

No 
flow 

No 
flow 

No 
flow 

No 
flow 0.365 0.524 

6 
Not 

I mea­
au red 

0.052 Frozen 0.097 0.081 0.083 0.038 0.016 0.011 0.001 
No 
flow 

No 
flow 

No 
flow 

No 
flow 

No 
flow 

No 
flow 

No 
flow 0.04 

7 
Not 

I mea­
aured 

0.032 Frozen 0.079 0.067 0.118 0.05 0.036 0.043 0.029 0.001 
No 
flow 

No 
flow 

No 
flow 

No 
flow 

No 
flow 0.001 0.009 

8 
Not 

I mea­
aured 

No 
Flow Frozen 0.103 0.016 0.016 0.042 0.035 0.039 0.037 

No 
Flow 0.029 

No 
Flow 

NO 
Flow 

No 
Flow 

No 
Flow 

No 
Flow 0.026 

9 
Not 

I mea­
aured 

No 
flow 

No 
flow 

No 
flow 0.014 0.010 0.013 0.003 0.006 

No 
flow 

No 
flow 

No 
flow 

No 
flow 

No 
flow 

No 
flow 

No 
flow 

No 
flow 

No 
flow 

AR:djm 



Singletary Porn PALIS: 51152 

'ICWN (S): surroNjMILUlJRY 

CXXJNIY: ~RCES'I'ER DRAINAGE: BIACI<S'I'ONE 

AVG DEPIH: 
MAX DEPIH: 
lAKE AREA: 300 

MEI'ERS 
MEI'ERS 
A~ 

'IHERMAL: 
TROPHIC: 

JAN 24, 1985 

STATION: 01 UNITS= NA'IURAL UNI'IS PER ML 

COUNT 
BACILIARIOPHYCEAE (DIA'roMS) 

ASTERIONELIA 
SYNECRA 

CH!DROPHYCEAE (GREENS) 
ANKIS'mODESMUS 
GIDEXX:'iSTIS 
UNID. coecom 
UNID. FIAGELIATE 
UNID. FIAGELIATE 

698 
140 

56 
28 

140 
28 
28 

amY'SOPHYCEAE 
MAL!.CMJNAS 

(GOlDEN-BROWNS) 
84 

CYANOPHYCEAE (BIIJE~S ) 
MERISM:)PEDIA 
UNID. B-G coccom 

84 
167 

DmOPHYCEAE (DmOFIAGELt.ATFS ) 
GYMNODINIUM 84 

GROUP 
'rorAI.S 

837 

279 

84 

251 

84 

% 'roI'AL 

54.56 

18.19 

5.46 

16.37 

5.46 

1534 

APR 02, 1985 

STATION: 01 UNI'IS= NMURAL UNI'IS PER ML 

BACILIARIOPHYCEAE (DIMtMS) 
ASTERIONELIA 245 
CYCI.OI'ELI.A 112 
FRAGnAlU:A 357 
~ 41 

755 74.73 
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CHLOROPHYCFAE (GREENS)
 
GIDEX:X:':lsrIS 10
 

10 1.01 
OIRYSOPHYCFAE (GOLDEN-BRa-mS ) 

DINOBRYON 20 
MALLCH:lNAS 51 
UNID. CiRYSOPHYCFAE 61 
UNID. aiRYSOPHYCFAE 20 
UNID.	 aiRYSOPHYCFAE 71 

224 22.22 
CRYPTOPHYCE'AE (CRYPI'OMONAl:S ) 

QiRC()M)NAS	 10 
10 1.01 

OlliOPHYCFAE	 (DlliOFIAGELLATES )
 
GYMNODINIUM 10
 

10 1.01 

1010 

APR 16, 1985 

STATION: 01 UNITS= NAnJRAL UNITS PER ML 
GROUP 

COUNT 'IOI'ALS % 'IOI'AL 
BACTI.J:ARIOPHYCFAE (DIMtMS)
 

ASTERIONELtA 571
 
MELOSIRA 82
 
PINNUIARIA 20
 
SYNEDRA 41
 

714 !. ~5f5 
cmDROPHYCFAE (GREENS ) " 

ANI<IS'IRODESMUS 20 
OOIRYOC:XXX::OS 122 
'I'EI'RAEI:R)N 41 
UNID. coccorn 20 

204 16.67 
OIRYSOPHYCFAE (GOLDEN-~S
 

OIRYsoaxx:us 20
 
MAI.UMJNAS 41
 
UNID. OIRYSOPHYCFAE 245 

306 25.00 

1224 
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APR 29, 1985 

STATION: 01 UNI'IS= NA'IURAL UNITS 

BACIUARIOmYCFAE (OIATCMS ) 
ASTERIONELIA 
NITZSOfIA 
SYNEDRA 
TABELI.ARIA 
UNTO. PENNALES 
UNTO. PENNALES 

arLOROmYCE'AE (GREENS) 
UNTO. coccom 
UNTO. FI.AGELIATE 

OIRYSOmYCE'AE (GOlDEN-BROWNS ) 
CHRYSAmEBA 
MALLOMJNAS 
UNTO. OIRYSOmYCEAE 

cm:PromYCE'AE (CRYPItM:>NADS ) 
ama::M:)NAS 

C'lANOmYCE'AE (BIIJE-GRmrS ) 
APHANOIHECE 

PER ML 

axJNI' 

816 
61 

122 
388 

41 
20 

41 
20 

82 
20 
61 

20 

20 

GRCUP 
'IUI'.AI.S 

1448 

61 

163 

20 

20 

% '!UrAL 

86.03 

3.23 

8.60 

1.08 

1.08 

1714 

MAY 13, 1985 

STATION: 01 UNI'I'S= NMURAL UNITS PER ML 

BACILIARIOmYCFAE (OIA'IOMS) 
ASTERIONEUA 1883 
rnAGIIARIA 562 
SYNEDRA 112 
TABELI.ARIA 225 
UNID. P.ENNAIES 141 

2922 89.64 
cmDROPHYCEAE (GREENS ) 
~ 28 
UNID. cx:x:com 112 
UNID. cx:x:com 56 
UNID. FIAGELIATE 28 

225 6.90 
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CHRYSOPHYCEAE (GO!DEN-~S ) 
UNID. CHRYSOPHYCEAE 

C'lANOPHYCEAE (BIIJE-GREENS ) 
AGMENELIlJM 

DrnOFHYcrAE (DINOFIAGELIATE'S ) 
GYMNODnmJM 

28 

28 

56 

28 

28 

56 

.86 

.86 

1. 72 

3260 

MAY 29, 1985 

STATION: 01 UNITS= NMtJRAL UNI'IS PER· ML 

a:xJNT 
BACIUARIOFHYCEAE (DIAn:M:i ) 

ASTERIONELIA 163 
5YNEDRA 31 
TABELIARIA 337 
UNID CE:N':rnALES 10 

arLOROFHYCE'AE (GREENS) 
ANKISTRODE'SMUS 10 
UNID. FIAGEL!ATE 10 
UNID. FIAGEL!ATE 20 

QiRYSOFHYCE'AE (GOIDEN-BRCMNS ) 
MALUKlNAS 20 
UNID. CHRYSOFHYCE'AE 31 
UNID. arRYSOFHYCE'AE 20 

DrnOFHYCEAE (DINOFIAGELIATE'S ) 
GLENODnmJM 41 
PERIDnmJM 1.53 

GRCUP 
TOI'AI.S 

541 

41 

71 

194 

% rorAL 

63.83 

4.75 

·8.43 

22.88 

847 



1 

Singletary Pon:i (PAL!S: 51152) 

JUN 11, 1985 

STATION: 01 UNTIS= NAItJRAL UNITS PER ML 

CXXJNT 
BACILIARIOFHYCEAE (DIMCMS ) 

ASTERIONELtA 156 
FRAGIIARIA 669 
SYNEDRA 245 
UNID. PENNAI.FS 22 

arr.DROFHYCEAE (GREENS) 
ACANI'HOSmAERA 22 
CiI.AMYIX:M:)NAS 45 
arr.DREUA 67 
STAIJRAS'm[JM 45 
UNID. coccom 22 
UNID. F'L'GELI.ATE 45 

CHRYSOFHYCEAE (GOIDEN-BRa-mS ) 
SYNURA 22 

CRYProFHYCEAE (CRYPItM:lNArS ) 
CRYPD:M:)NAS 45 

1405 

JUN 24, 1985 

STATION: 01 UNITS= NAnJRAL UNITS PER ML 

CXXJNI' 
BACIUARIOFHYCFAE (DIMa-fS ) 

TABELtARIA 139 
UNID. PENNAIES 14 
UNID. PENNAIES 14 

aiLOOOPHYCFAE (GREENS ) 
~ 70 
G!DEJ::lCI.lS!'IS 42 
~ 28 
STAIJRAS'm[JM 28 
UIOIHRIX 139 
UNID. CDIDNIAL coccom 28 
UNID. F'L'GELI.ATE 42 

Page 5 

GROUP 
'rorAIS % TOI'AL 

1093 76.57 

245 18.75 

22 1.56 

45 3.13 

GROUP 
'IDrAIS % '!OrAL 

167 24.00 

375 54.00
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amYSOmY'CFAE (GOIDEN-BRa'lNS ) 
OiRYSOSFHAEREUA 
M1U.LCMJNAS 

14 
14 

rnYPrOFHYCFAE (rnYP1'CM)NAr:S ) 
CERYPIOCHRYSIS 
CRYPrCM)NAS 

OlliOPHYCEAE (OlliOFIAGEUATES ) 
GIENOOINIUM 
UNID. OlliOPHYCEAE 

28 
28 

28 
42 

28 

56 

69 

4.00 

8.00 

10.00 

695 

JUL 09, 1985 

STATION: 01 UNITS= NAWRAL UNITS PER ML 

aIIDRJmY'CFAE (GREENS ) 
ANIcrSTRODFSMOS 
CCC'lSTIS 

amYSOmYCFAE (GOIDEN-BRamS ) 
MALI..CK>NAS 

CYANO:RriCEAE (BIIJE-GREENS ) 
ANABAENA 

195 
14 

28 

56 

208 

28 

56 

71.40 

9.52 

19.04 

292 

JUL 22, 1985 

STATION: 01 UNITS= NAmRAL UNITS PER ML 

BACIUARIOmYCFAE (D:rMa-1S) 
C'lCLOI'ELIA 33 

33 9.38 



Singletary Pom (PALIS: 51152) 

aiLOROPHYCEAE 
SmAEROC'iSTIS 
UNID. O:X:COID 
UNID. COIDNIAL COCCOID 
UNID. FIAGELIA

(GREENS) 

TE 

133 
56 
67 
11 

OiRYSOPHYCEAE 
MAUDM:)NAS 

(GOLDEN-BROWNS 
11 

DrnOPHYCEAE 
GYMNODINnJM 

(DrnOFIAGEUATFS ) 
11 

322 

AUG 06, 1985 

STATION: 01 UNI'IS= NA'IDRAL UNITS PER ML 

COUNT 
BACILI.ARIOPHYCE'AE (DIA'ICMS ) 

ASTERIONELIA 33 
TABEI.J:ARIA 22 

aiLOROPHYCE'AE (GREENS ) 
ANK:IS'IroDESMUS 11 
HAEWaOCOCaJS 22 
ooc:YSTIS 44 
PAIMELtA 377 
S'I'AtJRAS'IRUM 11 
UNID. COCCOID 67 
UNID. COIDNIAL COCCOID 44 
UNID. FIAGELIATE 11 
UNID. FIAGELIATE 11 

OiRYSOPHYCEAE (GOLDEN-BROWNS) 
aIRYsoa:x:n1S 11 
MALI.CM:>NAS 56 

CRYProPHYCEAE (c::RYPItH)NAI)S ) 

OJRYProCHRYSIS 11 

DmoPHYCEAE (DmoFIAGELIATES ) 
CERATIUM 11 

744 

Page 7 

266 84.42 

11 3.13 

11 3.13 

GROUP 
'.IOI'AI.S % 'IOI'AL 

56 7.25 

599 81.15 

67 8.69 

11 1.45 

11 1.45 
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AUG 21, 1985 

STATION: 01 UNITS= NAnJRAL UNITS PER ML 
GROUP 

OJUNT 'IOI'AIS % 'TOI'AL 
BACILIARIOPHYCEAE (DIA'IOMS ) 

SYNEDRA 22 
22 4.17 

CHI.OROPHYCEAE (GREENS) 
Qll..AMY1X)MONAS 22 
CHI.OROSARCINA 89 
HAEMA1tXXlCCUS 22 
UNID. FI.AGELI.ATE 22 

156 29.18 
CHRYSOPHYCFAE (GOIDEN-BRC1'JNS ) 

CHRYSOCX:XXUS 22 
UNID. CHRYSOPHYCEAE 112 

134 41.68 
CRYPrOPHYCFAE (CRYProMJNAOO ) 

CHRYProCHRYSIS 22 
22 41.68 

CYANOPHYCFAE (BIIJE~S ) 
amocx:ocaJS 67 
GCMFHOSFHAERIA 22 

89 16.67 
EUGLENOPHYCEAE (EUGLENII::S ) 

UNID. EUGIENOPHYCEAE 22 
22 41.68 

XANIliOPHYCEAE (YELI.CW~S ) 
CHIOROroIRYS 89 

89 41.68 

535 

SEP 03, 1985 

STATION: 01 UNITS= NA1'URAL UNITS PER ML 

BACILIARIOFHYCEAE (DIATQ1S ) 
SYNEDRA 56 

56 11.77 
CHI.OROFHYCFAE (GREENS ) 

GOmoo:NIA 28 
SCENEDESMUS 28 
UNID. coccom 28 
UNID. coccom 195 

279 58.86 
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84 
56 

140 29.43 

474 

ocr 09, 1985 

STATION: 01 UNITS= NA'IURAL UNITS 

BACILIARIOPHYCFAE (DIA'Ia1S ) 
ASTERIONELIA 
SYNEDRA 
UNID. PENNAI.ES 
UNID. PENNAI.ES 

anDROPHYCE'AE (GREENS ) 
GIDEOCYSTIS 
OOC'lSTIS 
PEDIASTRUM 
UNID. coccom 
UNID. coecom 

a1RYSOPHYCFAE (GOlDEN-BROWNS ) 
a1RYSOSPHAERELIA 
cx::ERCM:>NAS 
UNID. QIRYSOPHYCFAE 

CRYProPHYCFAE (CRYPD:H>NAJ:S ) 
UNID. CRYPIOPHYCEAE 

PER ML 

COUNT 

724 
223 

56 
334 

56 
56 
56 

557 
56 

56 
111 
167 

167 

GROUP 
'IOI'AI.S 

1337 

780 

334 

167 

% rorAL 

51.06 

29.79 

12.77 

6.12 

2618 
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NOV 06, 1984 

STATION: 01 UNI'IS= NMURAL UNI'IS PER ML 
GROOP 

axJNT rorALS % TOrAL 
BACIUARIOPHYCEAE (DIAm-1S ) 

ASTERIONELIA 204 
C'iCW!'ELI.A 20 
SYNEDRA 122 
UNID. PENNALES 20 

367 29.52 
an:.oROPHYCEAE (GREENS) 

ANKISTRODFSMUS 20 
cm.oRELIA 41 
cnsMARItJM 20 
HAEMA!OOJCC!JS 20 
0CC'iST!S 20 

122 9.84 
aiRYSOPHYCEAE (GOIDEN-BROWNS ) 

aiRYSOCOCClJS 61 
DINOBRYON 20 
SYNURA 20 
UNID. OiRYSOPHYCEAE 41 
UNID. aiRYSOPHYCEAE 41 
UNID. aiRYSOPHYCEAE 61 

245 27.88 
CYANOPHYCEAE (BIIJE-GREENS ) 

a1RQOCOCC[JS 41 
COEIDSPHAERIUM 20 
MERISM:)PEDIA 286 

347 27.88 
DINOPHYCEAE (DINOFIAGELIATES ) 

GLENODINIUM 20 
20 1.64 

EUGIENOPHYCEAE (EC.JGIENIIl; ) 
EUGUNA 41 

41 3.28 
XAN'IHOPHYCEAE (YEUCW-GREENS ) 

c:ENI'RI'mACIUS 82 
TRIOONE2>1A 20 

102 27.88 

1244 
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DEC 12, 1984 

STATION: 01 UNITS= NAnJRAL UNITS PER ML 
GROUP 

CXXJNT 'TOI'AIS % TOI'AL 
BACII...IJUUOPHYCEAE (DIATCMS ) 

ASTERIONELIA 1561 
FRAGIIARIA 67 
SYNEDRA 89 
UNID. PENNAI.ES 89 

1806 87.09 
cm..oROPHYCEAE (GREENS) 

ANKISTRODESMUS 22 
OJSMARIUM 22 
GtOEOC'isrIS 22 

67 3.23 
O1RYSOPHYCEAE (GOIDEN-BRCmNS ) 

aiRYsoc:::HRCMJLINA 22 
UNID. OiRYSOPHYCFAE 22 

45 5.38 -
ClANOPHYCEAE (BUJE-GREENS ) 

ANACYSTIS 67 
67 3.23 

DmOPHYCEAE (DINOFIAGELIATES ) 
PERIDINIUM 22 

22 1.08 
XANTHOPHYCEAE (YEW:M-GREENS ) 

CEN'IRI'mACIUS 67 
67 5.38 

2074 
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WATER CONTROL LABORATORIES ...
A DIVISION OF COOPERATlNG MANAGEMENT INC. 926228"13 0004~3 EOl 1HOPKINTON INDUSTRIAL PARK 
106 SOUTH ST. 

SAMPLE IDEN T1FICA TION INFORMATiON 
HOPKINTON, MA 01748
 
508-435-6824 # SING·-l (#1)
 
Mass. Cart No. 313' Conn Ce<t. No PH-0515' EPA10No MA059 S'l'OHM DRAIN
 

REFERRED BY: N. KOCOUREK MA 

n:l', INC. 
e.o BOX 780 09/19/89 09/19/89 09/27/89 
NQR'!'H130IW, MA 00:00 

• 
01~32 

COMMENTFINAL l~l~POR'r 

TESTS I RESULTS UNITS I DETECTION LIMIT I METHOD 

*** GENERAL INFORMATION 
COLLI.::C'rOH: IEP 

*** MICROBIOLOGICAL 'rES'l'ING
 
F[~CAL COLli-'OHM 1,400. /100 ML
 
FECAL S'rHE1"l 1,250. /100 ML
 
FECAL/S'fHl::P RATIO 1.12 0 0.0
 

A la'fIO GREA'fER 'rHAN 4.1 IS CONSIDJ::HED INDICA'fIVE OF 
POLLUTION DERIVED FROM DOMESTIC WASTES COMPOSED OF 
HUMAN EXCREMENT WHBRJ::AS RA'fIOS LESS 'rBAN 0.7 SUGGEST 
'fHA'!' POLLU'fION WAS DUE TO NON··HUMAN SOUl~CES. 

* * * NU']'H IENTS 
J.JHOSiJHORUS, 'rO'fAL <0.01 MG/L o. 01 365.3 

*** MISCELLANEOUS TESTING 
SOLIDS, T. SUSPENDED 9 MG/L 1.0 160.2 

*** THIS IS A FINAL REPORT. *** 

0 



---

WCLIOWATER CONTROL LABORATORIES ...-A DIVISION OF COOPERATING MANAGEMENT INC. 
HOPKINTON INDUSTRIAL PARK 

92622874 000453 EOl 1 
106 SOUTH ST. SAMPLE IDENTIfiCATION INfORMATION 

HOPKINTON, MA01748 
508-435-6824 
Mass, Cet1, No 313· Conn Ce,t No PH-0515· EPA10No MA059 

It SING·-l (lt2) 
WI·:LCH l"}OND 

REFERRED BY: N. KOCOUR8K
 

IHl', INC. 
P.O BOX 780 09/19/89 09/19/89 09/27/89 
NOH'fH80RO, MA 00:00 

• 
01~32 

COMMENTFINAL HEPOWL' 

TESTS I RESULTS UNITS I DETECTION LIMIT I METHOD 

*** G8NEHAL INFORMATION 
COLL8C'rOH: I8P 

*** MICROBIOLOGICAL 
P8CAL COLH'OHM 
Fl::CAL S'fHHP 
F8CAL/STNBP RATIO IS 

L8SS 

'fC:S'l'ING 
4. /100 
46. /100 

NOT APPLICA8L8 WHBN 
'rHAN 100/100 ML. 

ML 
ML 
F8CAL STR8P COUNTS ARE 

* * * NU'l'HI1o:N'l'S 
P£lOSPHOlWS, 'rO'rAL <0.01 MG/L 0.01 365.3 

*** MISCC:LLAN~OUS T£STING 
SOLIDS, T. SUSPENDED 6 

1<** THIS IS A FINAL 
MG/L 

RepORT. *** 
1.0 160.2 
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WAfER CONTROlLABOAATOAIES 
A DIVISION OF COOPERATING MANAGEMENT INC, 9?fj27.87') 0004:>3 EOl 1
HOPKINTON INDUSTRIAL PARK - ­
106 SOUTH ST SAMPLE IDENTIFICATION INFORMATION 
HOPKINTON, MA 01748 

l* SING I (#3)508-435-6824 
\'ass Cert No J'J' Conn Cert No PH-05'5' EPA 10 No ',1A059 TlHnU'£AH '{ 

REFERRED BY: N. KOCOfJHEK 

I)~l', INC. 
l' . 0 nox 1 fJ 0 09/lfj/89 09/19/89 09/29/89 
NOI~'r[l110HO, MA 00:00 

•
 
01'JJ7.
 

COMMENT 
[=' INAL 1~I~POIN 

TESTS I RESULTS UNITS I DETECTION LIMIT I METHOD # 

* * 1( GENI';IUL INF01~MA'1'ION
 

COLL1X:'1'O~{: I l~lJ
 

*1(1( lWU'L'INE QUALI'ry 'r8S'fINU
 
ALKALINI'ry 34. MG/L
 

* 1( 1t MICIWBIOLOGICAL 'e)~S'rING
 

~ECAL COLIPOHM l,O~O. /lOO ML
 
FECAL s'rl~BP ~.10. /100 ML
 
l" ECAL/STHEP HA',r10 0 .20 0 0 . 0
 

A HATIO GIU:A'n:H 'fHAN 4. 1 IS CONSIDJ~RED INDICA'rIVE OF 
POLLU'.rION DI~lUVt-:D F1WM DOMESTIC WAGTBS COMl?OSj~D OF 
lIUMAN HXCHEMENT W[Il':RI~AS RA'£IOS LI~SS 'I'HAN 0.7 SrJGGES'£ 
'mA'(' POLLfJ'(, ION WAS out-: '('0 NON ·[IUMAN SOUl~Cl~S. 

1< 1( 1( Nm'HII~N'l'S 

NI'fj~A'('t,: <O.~ MG/L 0.5 3:>3.3 
l'HOSPUOHUS, 'rO'fAL <0.01 MG/L 0.01 365.3 

1( 1( 7< MI~)CI':LLANEOfJS 'rgS'('JNG 
'f. KJ ELDBAL NI'£tWGEN O. '/7 MG/ L O. 1 3~1.3 

*** 'L'HIS IS A fINAL REPowr. *1t* 



- --
---

:~CL It)WATER CONTROL LABORATORIES 
A DIVISION OF COOPERAnNG MANAGEMENT INC. 92763726 000453 EOl 1 
HOPKINTON INDUSTRIAL PARK 
106 SOUTH ST. 

....,AM~1 f- IlH N ru ,eA flON INF-ORMA TION 

HOPKINTON, MA01748 
• SING-l (lA)508-435-6824 

MUI. Cell. No. 313· Conn.Cell. No PH-051S· EPA 10 No. MAOSll SURFACE DE~P SPOT 

REFERRED BY: N. KOCOUR~K 

IEP, INC. 
P.O BOX 780 10/02/89 10/03/89 10/19/89 
NORTHBORO, MA 00:00 

• 
01532 

COMMENTFINAL REPORT 

TESTS I RESULTS UNITS I DETECTION LIMIT I METHOD 

*** GENERAL INFORMATION 
COLLEC'rOR : IEP 

*** ROUTINE 
PH 
ALKALINITY 

QUALITY 'rESTING 
7.2 
34. MG/L 

O. 1 9040 

*** MICROBIOLOGICAL 
FECAL COLIFORM 
TOTAL COLIFORM 

TES'tING 
O. 
5. 

/100 
/100 

ML 
ML 

**.. NU'tRIEN'l'S 
NITRA'rE 
PHOSPHORUS, TOTAL 

<0.5 
<0.01 

MG/L 
MG/L 

0.5 
0.01 

353.3 
365.3 

...... MISCELLANEOUS TESTING 
T.KJELDHAL NITROGEN 0.37 
CHLOROPHYLL-A 0.032 

...... THIS IS A FINAL 

MG/L 
MG/M3 

REPORT. ...... 
0.1 
0.01 

351.3 
1002 
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---

WATER CONTROL LABORATORIES 
A DIVISION OF COOPERATING MANAGEMENT INC. .­92763727 0004~3 801 1 
HOPKINTON INDUSTRIAL PARK 
106 SOUTH ST. SAMPLE IDENTIFICATION INFORMATION 
HOPKINTON, MA 01748 

# ~ING-l (IC)508-435-6824 
','ass Cart No 3'3' Conn Cart No PH·OS'S· EPA 10No o"lAOS9 IJO'r'l'OM DJ~8P ~po'r 

REFERRED BY: N. KOCOIJR8K 

II::P, INC. 
P • 0 UOX 7 8 0 10/02/89 LO/03/89 10/13/89 
NOR'l'HHORO, MA 00:00 

• 
01532 

COMMENTl·'INAL lWPOH'l' 

TESTS I RESULTS UNITS I DETECTION LIMIT I METHOD" 

*** G8NBRAL INfORMATION
 
COLLJ.::C'fOH: lEI?
 

* * * lWU'fIN8 QUALI'fY 'l'I~S'fING 

L)Il 6.6 O. 1 9040 
ALKALINITY 14. MG/L 

*** NlJ'fRIENTS 
NI'l'RA'.l't:; <O.~ MG/L 0.':> 353.3 
I?HOSPHORUS, TOTAL <0 .0 1 MG/L 0.01 36~ • .3 

*** MISCELLANEOUS T8STING 
T.KJELDHAL NITROG£N 0.29 MG/L o. 1 351.3 

*** 'rHIS IS A FINAL REPORT. *** 



--WATER CONTROL LABORATORIES .:am. tmmJ:ID 
A DIVISION OF COOPERATING MANAGEMENT INC. 00803656 000453 EOl 1 
HOPKINTON INDUSTRIAL PARK 
106 SOUTH ST SAMPLE IDENTIFICATION INFORMATION 
HOPKINTON, MA 01748 * SING-l <*1 ST. DRAIN)
508-435-6824 SINGLETARY' LAKEMass Cer1 No 313 • Conn Cert No PH·Q515· EPA 10 No MA059 

MAREFERRED BY: 

IEP, INC. m!!DIm ~ Em:iiD 
f'.0 B0X 780 03/21/90 03/21/90 03/27/90 
NORTHBORO, MA 00:00 

• 
01532 

FINAL REPORi' COMMENT: 

TESTS RESULTS UNITS DETECTION LIMIT METHOD 

~k~ GhNEHAL INF0RMATION
 
C0LLECT0R: I.~.P.
 

:;~ 
AA~ MICROBIOL0GICAL TESTING
 
FECAL COLIFORM 550. i100 ML
 
FECAL STREP 1,650. /100 ML
 

1.1. ... NUTRIENTS 
PHOSPHORUS, TOTAL <.:0.01 MG/L 0.01 3G5.3 

t.t.~ MISCELLANEOUS TESTING 
SOLIDS, T. SUSPENDED "7 MGiL 1.0 160.2 

kkA THIS IS A FINAL REPORT. kAA 



WATER CONTROL LABORATORIES ~ tmfmII EIzmB 
A DIVISION OF COOPERATING MANAGEMENT INC. 00803657 000453 EOl 1 
HOPKINTON INDUSTRIAL PARK 
106 SOUTH ST SAMPLE IDENTIFICATION INFORMATION 
HOPKINTON, MAQ1748 
508-435-6824 
~ass C.", No 313' Conn Cell No PH·OS'5· EPA 10No MA059 

41: SING--l (#2 WELCHPND) 
SINGLETARi LAKE 

N. KOCOUREK MAREFERRED BY: 

11::1:', INC. m!!ZIID lEmZD IitBiD 

• 
fI.O BOX 780 03/21/90 03/21/90 03/27/90 
NORTHBORO, MA 00:00 

01532 

FINAL REPORT COMMENT: 

TESTS RESULTS UNITS DETECTION LIMIT METHOD 

~~~ GBNERAL INFORMATION
 
COLLECTOR: I.B.P.
 

I, A J. MICIWBIOLOGICAL TESTING
 
FECAL COLIFORM 14. il00 ML
 
FECAL STREP 15. /100 ML
 

". A I. NUTRIENTS 
PHOSPHORUS, TOTAL <0.01 MG/L 0.01 365.3 

1.1,,, MISCELLANEOUS TESTING 
SOLIDS, T. SUSPENDED <1 MG/L 1.0 160.2 

,,#,#, THIS IS A FINAL REPORT. I.#'I. 



INA I cH (.;UN rHUl. LABORA fORIES ~ EQ;mI 
A DIVISION OF COOPERATING MANAGEMENT INC. 00803658 000453 EOl 1 
HOPKINTON INDUSTRIAL PARK 
, 06 SOUTH ST. SAMPLE IDENTIFICATION INFORMATION 
HOPKINTON, MA 01748 # SING--l (#3TRIB)
508-435-6824 SINGLETARY LAKEMass Cet1 No J1J' Conn CM No PH·OS'S· EPA 10 No MA059 

N. KOCOUREK MAREFERRED BY: 

IEP, INC. IITD!DID IiI!.imDl Im!mlD 
£'.0 BOX 780 03/21/90 03/21/90 03/27/90 
NORTHBORO, MA 00:00 

01532 

COMMENT:FINAL REPORT 

TESTS RE5ULT5 UNITS DETECTION LIMIT METHOD 

AA4 GENERAL INFORMATION
 
COLLECTOR: I.E.P.
 

*44 MICROBIOLOGICAL TESTING
 
FECAL COLIFORM 27. /100 ML
 
FECAL STREP 450. /100 ML
 

* A A NU'rRIEN'rS 
PHOSPHORUS, TOTAL <0.01 MG/L 0.01 365.3 

AAA MISCELLANEOUS TESTING 
SOLIDS, T. SUSPENDED 1 MG/L 1.0 160.2 

AAk THIS IS A FINAL REPORT. A*A 



WA TER CONTROL LABORATORIES ~ tBmiIa • Ell 
A DIVISION OF COOPERATING MANAGEMENT INC. 00803659 000453 E01 1 
HOPKINTON INDUSTRIAL PARK 
106 SOUTH ST SAMPLE IDENTIFICATION INFORMATION 
HOPKINTON. MA 01748 
508·435·6824 
"'ass C"" fIIo 313' Conn Cel1 fIIo PH·Q5'5· EPA 10 fIIo ",A059 

# SING-l (#4 ST.DRAIN) 
SINGLE'rAHY LAKE 

N. KOCOUREK MAREFERRED BY: 

rar , INC. ID!!DD!l IiImDD ~ 
P.0 BOX 780 03/21/90 03/21/90 03/27/90 

• 
NORTHBORO, MA 00:00 

01532 

'r'INAL HEPOR'r COMMENT: 

TESTS RESULTS UNITS DETECTION LIMIT METHOD 

A~~ GENERAL INFORMATION
 
COLLECTOR: I.E.P.
 

A~~ MICROBIOLOGICAL TESTING
 
FECAL COLIFORM 9. 1100 ML
 
FECAL STREP 108. 1100 ML
 

~. ~ k NU'rRIEN'rS 
t?HOSPHORUS, TOTAL <.:0.01 MGIL 0.01 365.3 

~~~ MISCELLANEOUS TESTING 
SOLIDS, T. SUSPENDED 3 MGIL 1.0 160.2 

~AA THIS IS A FINAL REPORT. AkA 



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. 

Bathyaetric Hap: 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 waters 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 waters 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. 

Bpilianion: 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 coli forms (bacteria) are 
measured because of convenience. They are not necessarily harmful, but 
indicate the potential presence of other disease-causing organisms. 

Fecal Colifo~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) 
wastes, 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 mI. 

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 Vater: Vater 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. 

Hypoli.nion: Lower, 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 limits (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. 

Li.nology: 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 water) entering a lake. 

Hacroinvertebrates: 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 
waterweeds. 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. 

Metalianion: 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 water. 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 
water transparency, cause taste and odor problems, or impair recreational 
water uses. 
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Residence Ti.e: 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. 

Sedi.ent: 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 mgll considered problematic. 

Temperature: Vater 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. 

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

Trophic 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 
lower elevation. 

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


