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Executive Summary 
 

At the request of Mary Van Leuven of the Friends Lake Association, a summary of 

historical water quality data for Friends Lake was developed by the Darrin Fresh Water 

Institute.  The findings of this data review include the following: 

 

1. Friends Lake is best described as an oligotrophic to mesotrophic lake, indicating that 

the nutrients necessary for the growth of aquatic algae are low to moderate.  Water 

transparency is high and nutrient and contaminant levels are low. 

 

2. New York State classifies Friends Lake as Class AA(special), their highest 

classification, indicating that water quality is considered suitable for any and all uses 

including as a drinking water source with minimal treatment.   

 

3. Water quality in Friends Lake is currently adequate for the primary use of its 

residents, namely recreation.  No water use impairment was noted by coliform 

bacterial examinations, with values well below New York State Standards for contact 

recreation.   

 

4. No long term changes in water quality were observed over the 20 years of record.  

Impacts typical to our region, from acid precipitation and shoreline development, 

were not observed to produce substantial water quality changes in Friends Lake over 

the last 20 years. 

 

5. Aquatic plant populations for Friends Lake are diverse (34 species) and healthy, 

providing habitat, shelter and food resources for all other components of the lake food 

chain.  No exotic plants species were reported in a 1996 survey.   



 

Introduction 

 

Friends Lake is situated in the Town of Chester, Warren County, New York.  Surface 

elevation of the lake is 913 feet above mean sea level.  The lake has a surface area of 450 

acres and a watershed area of 3558 acres.  Maximum depth is approximately 30 feet, with 

a mean depth of 14 feet.  Friends Lake is located 

in the Upper Hudson River drainage system.  

Two inlets exist on a seasonal basis which 

channel runoff waters to the lake.  The outlet of 

the lake is located at the northeast corner and has 

a dam, which allows some water level 

regulation.   

 

Soils are a mixture of glacial till and boulders 

underlain by granitic bedrock.  Sandy soils 

provide for rapid infiltration of runoff waters 

and limit septic system performance.  All 

wastewater management in the Friends Lake 

watershed is via septic system. 

 

Friends Lake was a member of the Citizens 

Statewide Lake Assessment Program (CSLAP) 

between 1991 and 1995.  Data collected as part 

of this program forms the basis for comparison 

to historical data for water chemistry and aquatic 

vegetation.  Additional data collections were 

commissioned by the lake association, including 

water chemistry data collections (Rensselaer 

Fresh Water Institute, 1988), bacteriology (NYS 

FOLA, 1998, and others) and aquatic plants 

(Eichler, 1996). 

 

Friends Lake is classified by the NYS 

Department of Environmental Conservation as 

class AA(special), indicating that Friends Lake waters are suitable as a drinking water 

supply as well as for any recreational pursuits. 

 

Water Transparency 

 

Water transparency or clarity is routinely monitored by Secchi disk, a small (8 inch 

diameter) black and white disk.  The disk is lowered into the water until it disappears from 

view and the depth reported as the Secchi depth.  Secchi depth for Friends Lake is currently 

monitored by the lake association (see Figure 1). 

 



 

 

Figure 1.  Secchi transparency results for Friends Lake. 

 

Water transparency as measured by secchi depth is generally a function of the amount of 

suspended particles and algae in the lake water.  These factors show seasonal and daily 

cycles related to nutrient levels, temperature, light, wind and rainstorms.  Seasonal cycles 

are also apparent, with maximum transparency in Fall and Spring and minimum 

transparency in mid-summer (August).  Secchi depth averaged 5.1 meters between 1982 and 

1999.  This level of transparency is quite good relative to other regional lakes.  Comparing 

this result to historical data suggests that transparency in Friends Lake has remained stable 

since 1982.   

 

Causes for changes in water transparency fall into two major areas, climatic and induced.  

Induced changes are generally due to pollution, encouraging the growth of algae.  There are 

no indications of any major pollution episodes at Friends Lake in the last few years.  

Climatic shifts are generally the result of extremely wet or dry seasons, which cause a shift 

in the algae in the lake.  In 1992, the summer season was extremely dry.  This drought 

condition may exacerbate the resuspension of nutrients from the deep areas of the lake, 

which in turn encourages the growth of algae.  Fall overturn or the time when summer 

thermal stratification breaks down is frequently a time when algal blooms occur.  These are 

spurred by nutrients, mainly phosphorus and nitrogen, which build up in the deep waters of 

the lake during the summer.  When the lake turns over in the Fall these nutrients are mixed 

with the surface waters where they are available to support growth of algae.   

 

Temperature & Dissolved Oxygen 

 

Friends Lake is dimictic, meaning the lake stratifies thermally twice per year.  Once under 

the ice (winter) and once during the summer months.  Winter stratification is limited to a 

temperature near 0
o
C (32

o
F) directly under the ice to 3

o
C (38

o
F) near the lake bottom (23 

feet).  Summer stratification generally occurs in late June, with formation of a 

thermocline (zone of rapid temperature change).  The thermocline is found between 17 

and 20 feet deep.  Once stratified, the deeper waters of the lake frequently begin to lose 

oxygen and by late summer levels less than 4.0 parts per million (ppm) dissolved oxygen 
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may occur below a depth of 6 meters (19 feet).  Low deep-water oxygen levels were 

observed in 1987.  These oxygen levels are too low to support coldwater gamefish (trout), 

but can support more tolerant warm water species (bass or catfish).  The summer 

thermocline remains in place until early September when the lake cools and the waters 

once again fully mix.  Dissolved oxygen and temperature profiles have not been recorded 

since 1987.   

 

Microbiology 

 

Testing for the presence of coliform bacteria is the most commonly used guideline for the 

suitability of waters for drinking, swimming and other forms of contract recreation.  

Coliform bacteria are indicators of the presence of contamination from human or animal 

wastes. 

 

From samples collected by the association, there appears to be no significant coliform 

bacterial contamination to the lake from septic sources, at least from the points and times 

these samples were collected.  All samples show both total and fecal coliform levels well 

below the New York State DOH standards (see below) for waters used for contact 

recreation.  Bear in mind that these results indicate conditions only at the time of 

sampling and can change through time.  The only way to assure that the beaches are 

within guidelines for swimming is to continue routine monitoring. 

 

New York State coliform bacteria standards for bathing beaches. 

 

Maximum Allowable Levels of Coliform Bacteria in Waters Used for Contact Recreation 

(NYS Dept. of Health) 

Bacterial Test Max. 5 Sample Mean Max. Single Result 

Total Coliform 2400 per 100 mls 5000 per 100 mls 

Fecal Coliform 200 per 100 mls 1000 per 100 mls 

 

A monitoring program at public and private beaches is recommended with a frequency of at 

least monthly during the bathing season.  If contamination sources are suspected, dye testing 

of septic systems can confirm failures.  Routine dye testing may also provide a means for 

detecting improperly operating septic systems prior to major contamination of the lake.  Dye 

testing however, generally only confirms gross failures and is of limited utility in detecting 

marginally functional systems without some means to detect miniscule amounts of dye (i.e. 

fluorometry).   

 

Nutrient Analyses 

 

Nutrient concentrations are the most basic measurements taken of a lake that show the level 

of a lake’s eutrophication, that is, the level of nutrients available for the growth of algae in 

the water column.  Nutrients are fertilizers such as compounds of phosphorus and nitrogen.  

The results from the NYS CSLAP program (see Appendix I) show that Friends Lake 

remains a meso-oligotrophic lake, or a lake that contains a low to moderate amount of 



 

nutrients available for primary productivity.  A lake that shows these levels of nutrients is of 

a low risk to produce severe algal blooms that can often create a scum layer or an associated 

foul odor from the water.  These numbers are indicative of a clear water lake with moderate 

amounts of planktonic algae, a situation that is inviting to swimming and other recreational 

uses.   

 

The chemical constituents of primary concern to Friends Lake residents would be those 

which promote the growth of algae and aquatic plants.  These compounds, notably nitrogen 

and phosphorus compounds, are fertilizers in that they are present in the shortest supply 

relative to the amounts needed to sustain algal growth.  Addition of one or both of these 

nutrients generally results in a reduction of water quality since the concentrations of these 

materials control the amount of plant and thus animal material capable of growing in the 

lake.  Sources of nitrogen and phosphorus to the lake include: the atmosphere through rain, 

snow, etc., surface runoff of soils, septic system leachate, resuspension from the sediments 

of the lake, runoff of fertilizers from farm fields or lawns and gardens, and fecal material 

from domestic animals. 

 

Phosphorus is generally considered to be the primary limiting nutrient to plant growth.  The 

most readily available form of phosphorous for aquatic plants and algae is measured as 

soluble reactive phosphorus.  This nutrient was available in the surface water of Friends 

Lake in concentrations of from 1 to 3 parts per billion, indicative of good water quality.  

The availability of soluble phosphorus is indicative of a moderately productive lake.  Total 

phosphorus concentrations are in the moderate range, from 4 to 9 parts per billion, and 

comparable to other area lakes.  Total phosphorus concentration has remained relatively 

stable since 1991.  The jump from 1987 to 1991 is probably an artifact of sampling.  In 

1987, all samples were collected on a single day in July, a time of year when total 

phosphorus concentrations are typically low.   

 

Surface runoff of precipitation, the eroded soils that it carries, and the other terrestrial 

materials that it collects (lawn fertilizers, septic materials and pollutants) are frequently a 

major source of phosphorus to a lake.  The wetland system at the inlet area provides and 
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effective buffer to phosphates coming from upstream sources.  The luxuriant plant growth 

in these wetland areas captures nutrients and removes suspended sediments before they can 

enter the lake.  Breakdown of the plant materials in these wetland systems, however, can act 

as a nutrient source during certain times of the year, particularly in the Fall when the plants 

are concluding their annual cycle and beginning to die back.   

 

The methods used to measure nitrogen in the lake waters only measure soluble components, 

nitrate and ammonia.  Only trace amount of nitrate and ammonia were found in the surface 

waters.  Most of the nitrogenous materials is probably bound up in living tissue (i.e. algae, 

plants, fish, etc.).   

 

Acidity 

 

The pH of samples collected from Friends Lake show slightly alkaline waters, values which 

are within ranges that are not inhibitory to plant and animal species most desirable for 

Friends Lake.  Alkaline pH measurements also suggest that the watershed of Friends Lake 

currently has sufficient capacity to nuetralize acid inputs from rainfall. 

 

Alkalinity measurements show the water's ability to neutralize acidic inputs.  The main 

source of these inputs would be from acid precipitation.  The alkalinity of Friends Lake 

appears to be sufficient to neutralize acid inputs, but continued monitoring of this parameter 

is important to track the possible effects of acid precipitation.  This is particularly important 

given the low alkalinity (buffering capacity) of Friends Lake, and an apparent decline from 

1987 to 1999.  This should not be cause for excessive alarm however, because as stated 

previously, 1987 results are based on a single sample date and values for 1932 are similar to 

those reported in 1999. 

 

6.60

6.80

7.00

7.20

7.40

7.60

1977 1982 1987 1991 1992 1993 1994 1995 1999

p
H



 

Alkalinity Levels of Friends Lake in 1987 and 1999. 

 

Date Alkalinity (mg/l as CaCO3) 

  

Summer, 1932 16.0 

July 14, 1987 22.0 

July 29, 1999 13.0 

August 12, 1999 12.0 

August 26, 1999 14.0 

September 9, 1999 15.0 

September 27, 1999 14.0 

 

Aquatic Plants 

 

A list of all submersed and floating-leafed aquatic plant species observed in Friends Lake 

is given in the attached table.  A total of 34 species were observed in 1996.  Of these 

species, one is a macroscopic alga, or charophyte (Chara/Nitella), three are floating-

leafed species (Brasenia, Nuphar and Nymphaea), two were emergent species 

(Pontederia and Eriocaulon) and the remaining 28 are submersed.  The large number of 

species observed indicates excellent diversity, typical of low-elevation Northeastern lakes 

(Madsen et al. 1989).  For instance, Lake George has 47 submersed species (RFWI et al., 

1988) and 28 were observed in Lake Luzerne.  The composition of the species list for 

Friends Lake was similar to that of other nearby lakes.  For instance, all of the species 

observed in Friends Lake have been noted for other regional lakes.  Perhaps the most 

important finding was that no exotic plant species were present in Friends Lake.  

 

Aquatic plant species list for Friends Lake. 

SCIENTIFIC NAME COMMON NAME 

  

Brasenia schreberi Water Shield 

Ceratophyllum demersum Coontail 

Chara/Nitella Stonewort 

Eleocharis sp. Slender Spikerush 

Elodea canadensis Waterweed 

Eriocaulon septangulare Pipewort 

Fontinalis Moss 

Heteranthera dubia Water Stargrass 

Isoetes echinospora Quillwort 

Isoetes macrospora Quillwort 

Juncus sp. Bog Rush 

Lobelia dortmanna Water Lobelia 

Myriophyllum sibaricum Northern watermilfoil 

Myriophyllum tenellum Leafless watermilfoil 

Najas flexilis Water Naiad 



 

SCIENTIFIC NAME COMMON NAME 

  

Najas guadalupensis Naiad 

Nuphar luteum Yellow Water Lily 

Nymphaea odorata White Water Lily 

Pontederia cordata Pickerelweed 

Potamogeton amplifolius Broad Leaf Pondweed 

Potamogeton epihydrus Ribbon Leaf Pondweed  

Potamogeton freisii Leafy Pondweed 

Potamogeton gramineus Variable Pondweed 

Potamogeton perfoliatus Pondweed 

Potamogeton robbinsii Robbins Pondweed 

Potamogeton spirillus Pondweed 

Potamogeton zosteriformis Flat-Stem Pondweed 

Sagittaria graminea Slender Arrowhead 

Sparganium sp. Burreed 

Utricularia intermedia Bladderwort 

Utricularia resupinata Lavender Bladderwort 

Utricularia vulgaris Large Bladderwort 

Vallisneria americana Duck Celery 

Zanichellia palustris Horned Pondweed 

 

 
1
 - Report on a survey of Friends Lake.  (Eichler, 1996).  

 

Phytoplankton 

 

Phytoplankton, or planktonic plants, form the basis for the majority of lake food chains.  

The structure of these communities can frequently provide insights into water quality.  The 

only phytoplankton data available for Friends Lake was collected in 1970 (NYS DOH, 

1970).  These results indicated low numbers of plankton algae and community composition 

typical of “a clean, unpolluted lake”.   
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The amount of phytoplankton or ‘standing crop” in the lake is measured by chlorophyll 

content.  Chlorophyll measurements indicate low to moderate algal levels (see graph).  

Results for 1994 were somewhat biased by two high values in late August and early 

September.  These chlorophyll values are supported by elevated levels of total phosphorus 

and diminished transparency.  Chlorophyll and nutrient analyses in this range may indicate a 

late summer bloom, possibly spurred by extremely heavy rainfall in July and August.  Other 

than these two samples, chlorophyll concentrations in Friends Lake can be considered low, 

and indicative of very good water quality. 

 

Trophic Status 

 

Trophic state is a frequently used measure to characterize lake condition.  Clear water, 

nutrient poor lakes are described as oligotrophic.  Turbid, green, nutrient-rich lakes are 

described as eutrophic.  Mesotrophic lakes fall somewhere between the two extremes.  The 

table below shows the EPA guidelines for these three classifications.  Friends Lake data is 

included in the table for comparison.  By EPA guidelines, Friends Lake should be classified 

as oligotrophic.  This classification indicates excellent water quality and limited 

contaminants. 

 

Trophic State Chlorophyll 

(ug/l) 

Total Phosphorus 

(ug P/l) 

Secchi Depth 

(meters) 

    

Oligotrophic Less than 7 Less than 10 Greater than 3.7 

Mesotrophic 7 – 12 10 – 20 2.0 – 3.7 

Eutrophic Greater than 12 Greater than 20 Less than 2.0 

    

Friends Lake 4.1 8 5.14 

 

Another way to calculate trophic status is the Carlson trophic state index (TSI).  The 

Carlson trophic state index relates to the amount of nutrients available for consumption 

by various organisms in the lake.  A lake with a high level of nutrients is generally known 

as eutrophic; conversely, a lake with low levels of nutrients and aquatic biota is called 

oligotrophic.  The term mesotrophic is used to describe all lakes that fall between the two 

extremes.  The index describes all shades of the trophic process on a scale ranging from 0 

to 100 (0 being highly oligotrophic).  A decrease of 10 points on the TSI scale (e.g., from 

30 to 20) represents a doubling of Secchi depth in meters (e.g., from 9 to 18 meters).  

Chlorophyll and total phosphorus values can also be applied to the TSI model.  TSI 

values of 40 are generally considered the boundary between oligotrophic and 

mesotrophic.  Secchi transparency and total phosphorus measurements place Friends 

Lake in the oligotrophic range, while chlorophyll measurements suggest a mesotrophic 

classification.  This difference is typically observed in our region where most lakes are 



 

  

clear water without a lot of suspended particulate materials.  Planktonic algae generally  

are the primary cause for reduced transparency and thus the measurement of chlorophyll 

may bias TSI more than other chemical analyses. 
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Appendix I.  Friends Lake Water Chemistry Data 

Summary  



 

 

 Friends Lake Water Chemistry Data Summary      

            

 Max. Secchi Sample Soluble Total  TRUE     

Date Depth Depth Depth Phosphorus Phosphorus Nitrate Color pH Conductivity Chlorophyll Alkalinity 

 (m) (m) (m) (mg P/l) (mg P/l) (mg N/l) (Pt-Co)  (umhos) (ug/l) (mg/l CaCO3) 

            

1/3/1977   1.5     7.20    

1/3/1977   3.7     7.20    

1/3/1977   7.3     6.50    

10/14/1982  8.0 6.00 1.0     7.00 51  7.0 

7/15/1987  4.90 0.5 lt 0.001 0.002 0.01  7.08 47 1.80 10.0 

7/15/1987   0.5 0.001  lt 0.01  7.13 48 2.80 30.0 

7/15/1987   0.5 0.003 0.005 lt 0.01  7.21 47 2.80 25.0 

6/30/1991 9.0 4.95 1.5  0.009 0.01 10 7.72 49 4.12  

7/14/1991 9.0 4.65 1.5  0.008  8 7.40 49 4.58  

7/28/1991 9.0 5.38 1.5  0.006 0.01 7 7.67 49 6.85  

8/11/1991 9.0 5.25 1.5  0.008 0.01 13 7.57 49 1.41  

8/25/1991 9.0 4.50 1.5  0.008 0.01 11 7.67 50 2.76  

9/8/1991 9.0 4.50 1.5  0.008 0.01 10 7.16 50 7.22  

9/22/1991 9.0 5.00 1.5  0.010 0.01 14 7.68 50 4.67  

10/4/1991 9.0 5.00 1.5  0.010 0.01 12 7.58 49 5.06  

6/14/1992 9.0 4.25 1.5  0.009 0.01 17 7.71 49 2.49  

6/28/1992 8.5 5.63 1.5  0.011  16 7.42 50 2.39  

7/12/1992 9.0 3.63 1.5  0.008 0.01 15 7.61 51 6.20  

7/26/1992 7.8 3.88 1.5  0.008  9 7.50 50 4.24  

8/10/1992 8.0 4.25 1.5  0.010 0.01 13 7.61 51 4.21  

8/25/1992 8.0 4.25 1.5  0.008  11 7.46 52 5.78  

9/7/1992 7.5 3.50 1.5  0.009 0.01 9 7.45 51 6.12  

9/20/1992 9.0 4.25 1.5  0.007  12 7.54 52 4.15  

6/20/1993 9.0 6.25 1.5  0.017 0.01 6 7.69 48 3.38  

7/4/1993 9.3 6.00 1.5  0.001 0.01 4 6.91 49 0.95  

7/10/1993 9.5 5.00 1.5  0.007 0.01 3 7.46 48 1.48  

7/25/1993 9.3 5.13 1.5  0.008  3 7.36 48 2.19  

8/8/1993 9.3 5.50 1.5  0.009 0.01 5 7.66 49 1.99  

8/22/1993 9.3 3.00 1.5  0.007  4 7.58 50 1.76  

9/4/1993 9.0 4.50 1.5  0.005 0.01 6 7.76 50 2.64  

9/19/1993 9.0 4.00 1.5  0.010  7 7.75 51 2.38  

6/20/1994 9.3 4.75 1.5  0.005 0.01 8 7.56 53 0.77  

7/4/1994 9.3 4.75 1.5    4 7.61 53 5.12  

7/18/1994 9.3 5.13 1.5  0.017 0.01 7 7.61 54   

8/1/1994 9.0 4.83 1.5  0.008  4 7.42 52 7.26  

8/7/1994 9.3 5.25   0.009 0.01 8 7.80 54 2.33  

8/28/1994 9.3 4.88 1.3  0.008  12 7.15 55 15.70  

9/12/1994 9.5 4.75 1.5  0.009 0.01 9 7.42 55 14.10  

9/26/1994 9.3 5.25 1.5  0.007  8 7.50 54 5.35  

6/26/1995 9.2 6.33 1.5  0.009 0.01 5 7.54 63 0.74  

7/15/1995 9.8 6.25 1.5  0.012  5 7.51 62 1.67  

7/31/1995 9.3 7.00 1.5  0.007 0.01 5 7.48 62 1.04  

8/13/1995 9.5 6.75 1.5  0.008  10 7.34 64 2.30  

8/28/1995 9.5 5.75 1.5  0.006  5 7.33 61 6.37  

9/10/1995 9.5 5.75 1.5  0.007  10 7.60 61 2.88  

9/24/1995 9.5 4.50 1.5  0.011  10 7.45 62 10.20  

7/25/1993 9.3  7.8  0.011       

8/22/1993 9.3  7.8  0.015       



 

9/19/1993 9.0  7.5  0.010       

8/1/1994 9.0  7.5  0.011       

8/28/1994 9.3  7.5  0.008       

9/26/1994 9.3  7.5  0.007       

7/4/1994 9.3  7.8  0.012       

7/29/1999 9.0 6.00 0.5  0.006   6.97  3.36 13.0 

8/12/1999 9.0 5.00 0.5  0.007   7.28  3.18 12.0 

8/26/1999 9.0 4.50 0.5  0.009   7.09  2.65 14.0 

9/9/1999 9.0 5.00 0.5  0.008   7.58  2.98 15.0 

9/24/1999 9.0 5.50 0.5  0.010   7.26  5.87 13.5 

 


