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9 AGWLF Analysis 
 
9.1 Introduction  
 
The ArcView Generalized Watershed Loadings Model (AVGWLF) was used to estimate nutrient (i.e., 
nitrogen and phosphorus) and sediment loadings in the Chautauqua Lake watershed and its 
subwatersheds.  This model was selected as it has been validated in the region and uses standard 
geographic information system (GIS) coverages as the basis of its calculations. AVGWLF uses weather 
data to predict runoff, infiltration and evapotranspiration based on daily time steps. Sediment and 
nutrient yields are estimated from the universal soil loss equation, using data on land cover, soil and 
topography (i.e., 5-meter digital elevation model model created specifically for the Chautauqua Lake 
watershed). The model is spatially aggregated; as such, no flow routing is modeled. Streambank 
erosion is estimated from a simple model of lateral erosion. The model also includes septic system 
and urban sources, and has the potential for inclusion of specific information on other sources.   
 
The potential advantages of this watershed model include the ability to: 

 Estimate loadings at present conditions; 
 Simulate loadings over the annual cycle (including storm flows); 
 Estimate average loads over a number of years; and  
 Estimate the effects of Best Management Practices (BMPs), changes in land cover and other 

changes on nutrient loading.  
 
The AVGLWF model can be run using either default parameters derived from local calibration or with 
user-input data and parameters. This allows the default values to be replaced by user input so that 
values specific to a given area can be included. For example, information on manure use and the 
number of farm animals can be supplied as a user input to provide more accurate estimates of 
nutrient loading resulting from these factors. 
 
9.2 Land Cover in AVGWLF 
 
The AVGWLF model calculates loadings from the following 17 land cover classes:  

 Coniferous forest; 
 Mixed forest; 
 Deciduous forest; 
 Cultivated crops; 
 Hay/pasture;  
 Woody wetlands; 
 Emergent  wetlands; 
 Quarries; 
 Low-intensity development; 
 High-intensity development; 
 Quarries, coal mines and tailings; 
 Beaches; 
 Turf grasses (e.g., golf courses); 
 Transitional (bare soil, e.g., at construction sites); 
 Unpaved land; and  
 Waterbodies.  
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The land cover classification scheme used in AVGWLF, however, is not identical to land cover 
classifications used in the 2001 Multi -Resolution Land Characteristics Consortium (MRLCC) land 
cover data set.  As such, the 2001 MRLCC land cover data set was aggregated as appropriate to match 
the AVGWLF land cover classification scheme.  For example, the grassland/herbaceous MRLCC land 
cover class was aggregated into the hay/pasture class as this class includes a variety of abandoned 
agricultural lands (e.g., old fields, land in early stages of woodland development) in the Chautauqua 
watershed.  
 
Sources of Land Cover Data 
The accuracy of land cover data depends on a variety of factors, such as the year the data was created 
(which is particularly important in areas of consistent land cover changes), the resolution of data set, 
and the accuracy of classification. For the Chautauqua Lake watershed, information on land cover 
was available from several sources: 

1. Historic  land cover data (i.e., 1939 and 1971) were summarized in the State of the Lake (SOL) 
report  (2000); 

2. 1994 aerial photographs were manually classified as part of the SOL study.  Classification was 
based on 12.2 m x 12.2 m (40 x 40 ft) grid cells mapped at a scale of 0.1 x 0.1 in, with the 
estimation of fractional land covers within individual grid cells. Thus, the resolution is less 
than the grid cell size and is probably less than 6 x 6 m. Digital versions of this classification 
were not available, however. 

3. 1992 MLRCC land cover data. These are based on a grid cell of 30 x 30 m, with automated 
classification of land covers based on spectral signatures; 

4. AVGLWF coverage based on a modification of the 2001 MRLCC land cover data. These data 
were provided by the NYSDEC and were used in some TMDL modeling. These data include 
some updates of land cover from the original land cover data and were based on a 34 m grid 
size. 

5. 2005 National Oceanic and Atmospheric Administration (NOAA) Coastal Change Analysis 
Program (C-CAP) land cover data, rectified for recent land cover changes. The original 2005 
land cover layer was overlaid on 2008 aerial photographs. These photographs were reviewed 
by Dave Wilson (Chautauqua County Soil and Water Conservation District) and Rick 
Constantino (Chautauqua County) to incorporate recent changes in land cover and correct 
classification errors. Changes were incorporated into the land cover data layer. These data 
are based on a 30 m grid size. 

 
The estimates of the percentages of cultivated cropland and forest in the watershed differ among the 
various sources (see Figures 9-1 and 9-2). There is a clear increase in forest and decrease in cropland 
from 1939 to 1992, which is consistent with regional land cover patterns. There is no clear trend 
after 1992, and it is likely that trends are obscured by differences in resolution, classification 
accuracy and aggregation of land cover classes among the different sources. For example, the 2001 
land cover data indicates a much higher percentage of cropland (11 percent) than any other recent 
classification. The 2001 classification likely includes substantial acreage of former cropland in the 
cropland category. 
 
Watershed loadings were calculated in AVGWLF using the 1992 land cover data set so that 
comparisons could be made to nutrient loading estimates provided in the SOL.  The rectified 2005 C-
CAP land cover data set was used to estimate loadings from which recommendations were developed 
for the Chautauqua Lake watershed subwatersheds. 
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Figure 9-1.  Watershed Cropland Cover by Land Cover Data Set  

 
 
 

Figure 9-2.  Watershed Forest Cover by Land Cover Data Set  

 
 

9.3 Nutrient Loading Estimates from the State of the Lake Report (2000)  
 
In 1993 and 1994, approximately monthly (north basin tributaries) or twice-monthly (1994 south 
basin tributaries) water samples were taken and analyzed for a suite of parameters, including total 
phosphorus (TP), soluble reactive phosphorus (SRP), total suspended solids (TSS), and several 
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nitrogen parameters. Sampling was conducted near the mouths of 11 tributaries in the watershed, 
with the exception of Mud Creek, where samples were taken upstream of the outfall of the 
wastewater treatment plant. Staff gages were set near each site and stage height-discharge 
relationships were established from a series of discharge measurements at each site. These 
relationships were used to estimate discharge at the time of water quality sampling. Continuous 
stage height monitoring was done at two tributaries. Sampling conditions included baseflow and 
storm flow conditions. Additional sampling was conducted at several tributaries to obtain more 
detailed information on concentrations at different points during storm flows. Precipitation in each 
subwatershed was estimated by interpolation from nearby weather stations. 
 
The discharge and chemistry data were used to estimate non-point source loads. Two different 
methods were used in the SOL report. The first method (results presented in the appendices of the 
SOL) obtained a daily transport estimate from each sampling event by multiplying  the daily discharge 
(estimated from the daily stage height reading) by the nutrient concentration. The average of these 
calculations was multiplied by 365 to estimate total annual transport. This method is very sensitive 
to the discharge on the sampling days.  
 
The second method (results presented in the body of the SOL) calculated the average nutrient 
concentration for each tributary and multiplied this by the estimated annual discharge at each 
tributary. While this method is expected to be more accurate than the first, it will be biased if there 
are correlations between discharge and concentration. Although there was no clear correlation 
between TP concentration and discharge on the day of sampling, there was a general temporal trend 
of high TP concentrations in the fall.  
 
A third method was used for the purposes of this study. This method estimated monthly discharge by 
multiplying the  average nutrient concentration of samples in a month (typically one or two samples) 
by the estimated monthly discharge. These estimates were summed to form the annual estimate. 
Because of missing data, interpolation of nutrient concentrations was necessary for some months. 
Interpolations were done according to the following:  

 Using November 1993 data for missing November 1994 concentrations;  

 Using the average of adjacent months for a missing month where the previous and following 
months were both sampled;  

 Using the data from the previous or following month where there was missing data from two 
consecutive months;  

 Using the data the previous month, the average of the previous and following month, and the 
following month, for three consecutive months with missing data.  

 

Comparison of Loading Estimates among Tributaries  
The estimates of loading can be compared in various ways: 

1. Total loading. Total load is highly dependent on the watershed area of each tributary as well 
as differences in loading characteristics among watersheds. 

2. Loading per unit watershed area. Standardizing load to watershed area provides a more direct 
comparison of differences in loading characteristics among watersheds. Load per watershed 
area will depend heavily on land cover in each watershed, as well as factors such as 
topography which affect the outputs from different land covers or other sources. 
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Table 9-1.  Rectified 2005 Land Cover Data Aggregated for AVGWLF  

AVGWLF LAND COVER 
CLASSIFICATION 

RECTIFIED 2005 LAND COVER 
CLASSIFICATION 

Cultivated Crops Cultivated Crops 

Hay/Pasture 
Hay/Pasture 

Grasslands 

Forest 

Deciduous Forest 

Coniferous Forest 

Mixed Forest 

Scrub/Shrub 

Wetland 

Palustrine Emergent Wetland 

Palustrine Wooded Wetland 

Palustrine Scrub/Shrub Wetland 

Palustrine Aquatic bed 

Unconsolidated Shore 

High-Intensity Development 
High-Intensity Development 

Medium-Intensity Development 

Low-Intensity Development 
Low-Intensity Development 

Developed, Open Space 

Transitional Bare Land 

Water Open Water 
 
 
 
Other modifications to the run were as follows: 

1. A stream layer with unpaved roads was incorporated into the model, permitting estimation of 
runoff derived from road erosion; 

2. BMPs were added based on information provided by Chautauqua County. BMPs were 
included for the Ball Creek, Bemus Creek, Dewittville Creek, Goose Creek, and Maple Springs 
Creek subwatersheds. These BMPs were provided for relatively large farms, and it is likely 
that there are other BMPs used on smaller farms which were not included. 

3. Reduction of stream transport (i.e., nutrients, sediment) due to retention in wetlands was 
included for several subwatersheds (Big Inlet, Little Inlet, and Mud Creek subwatersheds). 

4. The concentration of phosphorus in groundwater (all assumed to be dissolved) was reduced 
from 0.046 mg/l to 0.02 mg/l.  In the SOL measurements in 1993 and 1994, minimum total 
phosphorus for the different creeks ranged from 0.004 to 0.025 mg/l (average 0.011 mg/l). 
At base flows, stream concentrations of total phosphorus should be similar to those in 
shallow groundwater, with possible increases in concentrations from some sources (e.g., 
from septic systems or livestock grazing in the stream) and from any particulate phosphorus 
sources. The groundwater concentrations could also be reduced by uptake of phosphorus by 
periphyton (attached algae) and other plants in the stream. There have been a number of 
studies of the relationships between phosphorus in soils and groundwater and current and 
past land uses (e.g., G. and H. Flores-Lopez 2009, Young and Briggs 2008). These studies have 
found variation in groundwater concentrations with depth and soil type as well as past and 
present land uses. The studies also indicate that shallow groundwater may be a significant 
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source of phosphorus in streams. The groundwater concentration used in the model is with in 
the range of observed concentrations. The SOL report used the same value, 0.02 mg/l for 
estimates of groundwater loading (in the SOL report, groundwater loads were treated as 
deeper groundwater which would be a direct source of the lake, rather than shallow 
groundwater which enters tributaries and forms part of the tributary load, as in AVGWLF). 

5. No point source data were explicitly included in the model. Estimates of point source inputs 
were compared with estimated inputs from the AVGWLF model. The three main point 
sources are from the North Chautauqua Lake Sewer District (NCLSC), the Chautauqua Utility 
District (CUD), and the South and Center Chautauqua Lake Sewer District (SCCLSD) 
wastewater treatment plants. The outfall of the NCLSC plant is in Chautauqua Lake close to 
Mayville Park  The outfall for the CUD is in Chautauqua Lake near its plant. The outfall of the 
SCCLSD plant is on the Chadakoin River near the outlet of the lake. Some of this effluent is 
thought to enter the south basin at times of high lake level when the outlet is backed up. The 
SOL report estimated an annual phosphorus loading of 2700 kg/year, based on about 1500 
kg/yr from the NCLSD, 780 kg/yr from the CUD, 290 kg/yr from the SCCLSD (as an estimated 
5 percent backup of total effluent load into the lake from Chadakoin River), and about 140 
kg/yr from a number of small, private sources (each estimated at 1 to 57 kg/yr for various 
sites). The NYSDEC estimated 2800 kg/year for the main wastewater treatment plants and an 
additional input of 510 kg/year of phosphorus into the lake from the SCCLSD, based on 5 
percent of the total effluent. Thus, estimates of total sewage inputs to the lake are 2700 kg/yr 
from the SOL and about 3300 kg/yr from NYSDEC estimates.  

6. Direct deposition of phosphorus may occur through wet atmospheric deposition (i.e., with 
precipitation) or dry atmospheric deposition (i.e., fine particulate matter). Unlike 
atmospheric sources of nitrogen, atmospheric sources of phosphorus are generally 
considered to be local and can include dust from agricultural, urban or other areas (D) and 
organic fragments (e.g., leaf and insect parts) from various land covers (F). As a result, rates 
of atmospheric deposition are expected to vary spatially. Furthermore, measurement of wet 
and dry deposition is difficult, so that accurate, locally relevant estimates are difficult to 
obtain. The SOL report estimated an atmospheric input of 7200 kg/yr of phosphorus to the 
lake. These were based on average concentrations in precipitation multiplied by the volume 
of precipitation and thus represent only wet deposition. However, other literature values 
suggest much lower rates. For example, using literature rates of deposition/m2/yr and the 
surface area of the lake yields estimates of 112 kg/yr wet deposition (from NJ data A), 780 
kg/yr dry deposition (from FL data, B), 570 kg/yr total deposition (Alberta, C), 860 kg/yr 
deposition (Wisconsin, D), 110 kg/yr total deposition (Long Island Sound, E). Studies of lake 
deposition(Cole, et al. 1990 F) found decreasing rates of deposition with increasing distance 
from shore, so that the shape of Chautauqua Lake could lead to relatively higher rates than 
less elongate lakes.  

7. The SOL estimated atmospheric deposition to the drainage as a lake input. However, it is very 
uncertain how much of these drainage inputs reach the lake. The SOL estimates of 
atmospheric inputs of TP to the drainage far exceeded transport estimates from tributary 
flow and concentration data, suggesting that much of these atmospheric inputs do not reach 
tributaries. Major issues with fate of atmospheric deposition are: 

o Deposition estimates are of gross deposition and do not consider export of TP 
through dust, organic material, etc. To the extent that much of atmospheric TP 
deposition derives from local sources, atmospheric deposition to the watershed may 
largely represent internal cycling and exchange with adjacent watersheds, so that 
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there may be little or no net change in the pool of TP in watershed soils and 
vegetation. 

o The fate of any net deposition of TP is not known. TP may be retained by soil or 
incorporated into vegetation. 

o The AVGWLF model is based on estimates of TP concentrations in runoff, eroded 
sediment and groundwater derived from regional studies. Contributions of 
atmospheric deposition to soil and vegetation would be reflected in these estimates, 
so that treating atmospheric deposition as a distinct source would be double-
counting. 

o As noted above, there is great uncertainty in rates of atmospheric deposition of 
phosphorus. 

As a result of these concerns, atmospheric deposition to the watershed is not considered in 
modeling of tributary loads or comparison of various sources. 

 
 
9.5 Model Estimates Using Rectified 2005 Land Cover Data - Results 
 
Total Sources to Lake from Subwatersheds  
The total of loadings from different subwatersheds (Tables 9-2 to 9-7 at the end of this section) 
suggests that shallow groundwater contributed about half of the total modeled amount (i.e., without 
point sources or direct atmospheric inputs). The remaining estimated inputs were principally from 
cropland (about 20 percent of total), hay/pasture (about 13 percent and development (about 12 
percent The total inputs from developed lands (cropland, hay/pasture, high- and low-intensity 
development, bare land, and septic systems) are about 3300 kg/yr, which is approximately the same 
as estimated point source inputs from wastewater treatment plants. The total inputs modeled by 
AVGWLF (i.e., without point sources or atmospheric deposition) are about the same as the SOL 
estimate of direct atmospheric deposition to the lake, but much greater than atmospheric inputs to 
the lake derived from other sources. 
 
As noted above, the estimated loadings are directly controlled by input parameters for phosphorus 
concentrations in groundwater and runoff from different land covers. For example, the groundwater 
and hay/pasture concentration parameters were decreased from the default in this analysis, so that 
groundwater and hay/pasture contributions would be even higher using default parameters. 
Although forest was estimated to contribute only 1 percent of the total contribution (i ncluding 
groundwater, excluding point sources and atmospheric deposition), the true amount may be greater, 
since much forest in the watershed is secondary forest on former agricultural lands which may 
contribute more phosphorus than more mature forests. The nutrient contribution from stream bank 
erosion is estimated to be small. However, this may be an underestimate, since the model may not 
adequately account for erosion along high, steep banks, as occurs in a number of places in the 
Chautauqua Lake watershed. If soil phosphorus concentrations are elevated from historical 
agricultural use, the modeled concentration in eroded sediment may also be low, further 
underestimating the contribution from stream bank erosion. 
 
Loadings from  Different  Subwatersheds  
Total estimated loads from subwatersheds (Tables 7.4-2 to 7.4-7 at the end of this section) are highly 
correlated with subwatershed area (i.e., the variability among subwatershed area is much greater 
than the estimated variability in loading per unit area). This is consistent with results of 
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measurements from the SOL study (see above). Therefore, comparison of loads/area are more 
informative. Estimated TP loading per 100 ha varied from about 15 to 17 kg/yr (Goose,  Prendergast, 
Ball, Bemus and Clear Creeks) to 31 kg/year (Unnamed tributary). Mud Creek had the next highest 
estimated load (24 kg/yr/100ha), estimates of 19 to 22 kg/yr/100 ha for the remaining 
subwatersheds (Big Inlet, Dewittville Creek, Dutch Hollow Creek, Little Inlet, Maple Springs, North 
Periphery and South Periphery). The high estimated loading in the watershed of the Unnamed 
tributary resulted from both high proportions of agricultural land and high loadings per ha of 
cropland and hay/pasture. This result suggests that the low proportion of forest in the Unnamed 
subwatershed results in agriculture use of relatively erodible areas. The Big Inlet subwatershed was 
also estimated to have relatively high proportion of cropland and high loadings/ha of cropland. Big 
Inlet, Dutch Hollow, Maple Springs and Mud Creek had relatively high estimated loading from 
hay/pasture relative to total subwatershed area. All of these except The estimated inputs from 
developed land relative to total subwatershed area were highest in the more developed 
subwatersheds (North Periphery, South Periphery, Little Inlet and Mud Creek), since there was 
relatively little variation among subwatersheds  in the estimated amounts of loading from each ha of 
developed land. The estimated amount of streambank erosion per subwatershed area was highest in 
Goose Creek, with relatively high values in Prendergast and the South Periphery. Contributions from 
groundwater are correlated with subwatershed area, since there was relatively little variation among 
estimates of groundwater inputs per subwatershed area. 
 
9.6 Implications for Prioritization of Management and Restoration Activities  
 
The estimates of phosphorus loads from different sources and subwatersheds provide a basis for 
prioritizing different kinds of activities in the watershed to reduce nutrient problems in the lake. 
Several aspects of model results need to be considered in using these results: 

 Cropland.  The model estimates of TP loading from cropland per hectare of cropland are 
relatively high 0.55 kg/ha/yr); combined with moderate area of cropland, cropland is 
estimated to be the largest overall source of surface TP to the lake. The model estimates are 
based on recent estimates of actual cropland and incorporate major BMPs on large farms. 
Therefore, these provide good estimates of agricultural runoff, as affected by location of 
farms and BMPs. Major uncertainties concern use of BMPs on smaller farms and on basic 
parameters for phosphorus content of cropland soils. Uncertainties in the latter affects the 
estimate of the relative importance of cropland runoff to total TP loading but do not affect 
comparisons of cropland loads among subwatersheds. 

 Hay/pasture. Hay/pasture is estimated to have relatively low output of TP per hecate (0.11 
kg/ha/hr); combined with relatively high area of hay/pasture, hay/pasture is estimated to be 
asignificant contributor to TP loads to the lake. The model estimates include runoff from 
active hay fields and pasture as well as from abandoned agricultural land with a grass or 
herbaceous cover. As noted above, model parameters were adjusted to reflect expected lower 
concentration of TP in runoff from the abandoned agricultural land than in active hay fields 
and pastures. The model incorporates BMPs on large farms. There was not enough available 
information to incorporate BMPs on smaller farms. Major uncertainties in the hay/pasture 
estimates are linked to livestock and manure management. While the model can incorporate 
detailed information on numbers of different livestock species, the proportion of manure 
which is applied to fields, and manure application schedules, there was not enough data to 
allow incorporation of these details. 

 Stream bank erosion. The model estimates small loads of TP resulting from stream bank 
erosion. However, the model uses a fairly general submodel to estimate stream bank erosion, 
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so that many site-specific conditions which affect erosion may not be accounted for. The 
Chautauqua Lake watershed has many areas with active erosion, many with erosion on high, 
steep unvegetated banks. Therefore, it is likely that the relative importance of stream bank 
erosion to TP loading is under-estimated. The prioritization process included separate 
metrics of stream bank erosion problems in the subwatersheds, so that management of 
stream bank erosion is maintained as a priority for prioritization and management 
recommendations. 

 Forest. Forest is estimated to have very low output of TP per hectare of forest (0.004 
kg/ha/yr). Even with the large area of forest in the drainage, inputs of TP from forests are 
estimated to be small. While forests are one of the dominant land covers, forests typically 
have low rates of erosion and low concentrations of TP in runoff. However, inputs from forest 
may be under-estimated because of the successional history of most forest land in the 
Chautauqua Lake watershed. Most forests are relatively young regrowth on former 
agricultural lands. Soils in former agricultural lands may supply much higher rates of TP than 
mature forests (I). 

 Developed land. High-Intensity development and low-intensity development are estimated to 
have relatively high outputs of TP per hectare of developed land (0.88 and 0.37 kg/ha/yr, 
respectively). There is low area of high-intensity development and moderate area of low-
intensity development in the drainage As a result, estimated total loads of TP from developed 
area are relatively high, although lower than loads from cropland and hay/pasture. For high-
intensity development, AVGWLF estimates particulate export from runoff. No dissolved 
outputs are modeled. However, urban runoff may contain dissolved phosphorus as well as 
particulate (J), so that exports of TP from high-intensity development may be under-
estimated in the model. 

 Bare areas and unpaved roads. Various types of bare land are included in the transitional land 
category. The majority of the transitional land in the watershed is unpaved roads (about 97 
km with an average width of 3.9 m), with a small amount of quarry. The estimated export of 
TP from these areas per hectare is 1.1 kg/ha/yr, which is the highest export from any land 
use category.  
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Table 9-2.  AVGWLF Total Nitrogen Loadings by Subwatershed and Source for the Chautauqua Lake Watershed  
 

Subwatershed Acres 

Total N Sources 

Total N Loads  
(kg/year) Croplands 

(kg/year) 
Hay/Pasture 

(kg/year) 

High Intensity 
Development 

(kg/year) 

Low Intensity 
Development 

(kg/year) 

Groundwater 
(kg/year) 

Septic       
(kg/year) 

Streambank 
(kg/year) 

Transition 
(kg/year) 

Forest       
(kg/year) 

Wetlands       
(kg/year) 

Ball Creek 6,306 632.6 303.6 48.6 190.0 15,077.0 0.0 0.7 6.3 49.3 14.4 16,322.5 

Bemus Creek 7,925 482.0 659.5 48.6 127.4 14,567.8 55.7 1.3 8.0 239.3 20.3 16,209.9 

Big Inlet 7,101 1,578.8 822.8 24.7 130.1 12,719.9 48.3 0.8 11.5 138.1 147.2 15,622.1 

Clear Creek 2,556 68.7 255.6 0.0 20.8 4,038.9 18.6 0.1 0.0 80.9 1.3 4,484.9 

Dewittville Creek 9,357 916.7 880.9 0.0 80.7 20,719.0 72.2 1.3 7.8 263.7 20.3 22,962.6 

Dutch Hollow Creek 4,073 345.8 507.9 49.5 176.9 9,218.0 25.8 0.4 8.2 107.4 6.7 10,446.5 

Goose Creek 19,047 1,498.8 626.7 132.0 306.3 40,456.2 18.5 4.2 141.8 166.4 38.3 43,389.1 

Little Inlet 1,269 39.3 87.6 140.2 57.2 2,277.9 11.3 0.1 8.2 34.2 17.1 2,673.0 

Maple Springs Creek 3,110 259.1 336.4 7.0 69.3 7,543.8 19.6 0.2 6.9 85.3 2.7 8,330.2 

Mud Creek 3,128 441.8 391.0 173.1 163.9 8,036.0 24.1 0.4 8.2 68.0 11.7 9,318.2 

North Basin Periphery 7,848 186.2 278.9 329.8 804.9 14,694.6 48.6 0.9 11.8 60.9 16.5 16,433.1 

Prendergast Creek 14,697 1,118.1 559.6 7.0 266.1 26,389.1 66.3 2.9 18.9 137.2 16.8 28,581.7 

South Basin Periphery 13,442 518.7 310.2 1,409.8 1,313.9 19,568.5 44.5 4.0 50.6 97.3 30.3 23,347.7 

Unnamed Stream 2,013 656.4 273.1 27.8 69.3 5,739.9 5.6 0.1 7.8 39.9 3.3 6,823.2 

CHAUTAUQUA LAKE 
WATERSHED 101,872 8,742.9 6,293.7 2,397.9 3,776.9 201,046.3 459.2 17.4 296.0 1,567.7 346.7 224,944.6 
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Table 9-3.  AVGWLF Total Nitrogen Loadings per Acre by Subwatershed and Source for the Chautauqua Lake Watershed  
 

Subwatershed Acres 

Total N Sources 
Total N Loads 

per Acre 
(kg/acre/year) 

Croplands 
(kg/acre/year) 

Hay/Pasture 
(kg/acre/year) 

High Intensity 
Development 
(kg/acre/year) 

Low Intensity 
Development 
(kg/acre/year) 

Groundwater 
(kg/acre/year) 

Septic       
(kg/acre/year) 

Streambank 
(kg/stream 
mile/year) 

Transition 
(kg/acre/year) 

Forest       
(kg/acre/year) 

Wetlands       
(kg/acre/year) 

Ball Creek 6,306 1.13 0.17 2.81 0.90 -- -- 0.04 2.55 0.01 0.07 2.60 

Bemus Creek 7,925 1.59 0.46 2.81 0.90 -- -- 0.05 3.25 0.04 0.13 2.07 

Big Inlet 7,101 1.80 0.48 3.34 1.05 -- -- 0.04 4.67 0.04 0.14 2.21 

Clear Creek 2,556 1.74 0.48 0.00 1.05 -- -- 0.02 0.00 0.04 0.14 1.77 

Dewittville Creek 9,357 1.16 0.46 0.00 1.05 -- -- 0.04 3.15 0.04 0.13 2.47 

Dutch Hollow Creek 4,073 1.77 0.49 3.34 1.05 -- -- 0.04 0.17 0.04 0.13 2.55 

Goose Creek 19,047 1.07 0.16 2.81 0.90 -- -- 0.07 57.39 0.01 0.07 2.29 

Little Inlet 1,269 1.59 0.45 3.34 1.05 -- -- 0.03 3.30 0.04 0.14 2.13 

Maple Springs Creek 3,110 1.75 0.41 2.81 0.90 -- -- 0.03 2.79 0.04 0.14 2.70 

Mud Creek 3,128 1.70 0.47 3.34 1.05 -- -- 0.04 1.65 0.04 0.07 3.01 

North Basin Periphery 7,848 1.06 0.20 3.34 0.90 -- -- 0.14 1.60 0.01 0.07 2.35 

Prendergast Creek 14,697 1.07 0.17 2.81 0.90 -- -- 0.06 1.09 0.01 0.07 1.95 

South Basin Periphery 13,442 1.15 0.18 3.34 1.05 -- -- 0.14 20.47 0.01 0.07 2.07 

Unnamed Stream 2,013 1.95 0.47 2.81 0.90 -- -- 0.02 0.08 0.04 0.07 3.26 

CHAUTAUQUA LAKE 
WATERSHED 101,872 1.32 0.30 3.27 0.98 -- -- 0.02 1.02 0.03 0.10 2.28 
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Table 9-4.  AVGWLF Total Phosphorous Loadings by Subwatershed and Source for the Chautauqua Lake Watershed  
 

Subwatershed Acres 

Total P Sources 

Total P Loads 
(kg/year) Croplands 

(kg/year) 
Hay/Pasture 

(kg/year) 

High Intensity 
Development 

(kg/year) 

Low Intensity 
Development 

(kg/year) 

Groundwater 
(kg/year) 

Septic       
(kg/year) 

Streambank 
(kg/year) 

Transition 
(kg/year) 

Forest       
(kg/year) 

Wetlands       
(kg/year) 

Ball Creek 6,306 115.2 52.9 5.3 27.6 224.2 0.0 0.3 1.1 4.3 0.5 431.4 

Bemus Creek 7,925 67.9 90.4 5.3 18.5 328.0 7.7 0.6 1.1 11.1 0.7 531.2 

Big Inlet 7,101 269.8 121.7 2.7 18.9 193.3 6.8 0.4 2.2 7.4 5.7 628.8 

Clear Creek 2,556 10.0 33.8 0.0 3.0 110.7 2.6 0.1 0.0 3.9 0.1 164.1 

Dewittville Creek 9,357 157.8 119.3 0.0 11.7 398.8 10.2 0.6 1.1 12.4 0.7 712.7 

Dutch Hollow Creek 4,073 55.0 72.4 5.4 25.7 172.3 3.4 0.2 1.2 5.3 0.2 341.1 

Goose Creek 19,047 249.6 95.6 14.4 44.6 726.6 1.7 1.8 24.3 11.5 1.4 1,171.4 

Little Inlet 1,269 5.6 11.5 15.3 8.3 50.3 1.7 0.0 1.1 1.7 0.6 96.1 

Maple Springs Creek 3,110 41.6 54.7 0.8 10.1 124.2 2.6 0.1 1.2 4.4 0.1 239.6 

Mud Creek 3,128 70.3 55.0 18.9 23.8 128.0 3.4 0.2 1.2 3.5 0.4 304.6 

North Basin Periphery 7,848 30.2 45.5 35.9 117.1 312.0 6.8 0.4 1.8 5.1 0.6 555.3 

Prendergast Creek 14,697 183.4 83.8 0.8 38.7 546.9 9.4 1.3 3.0 10.8 0.6 878.6 

South Basin Periphery 13,442 84.5 45.6 153.5 191.1 408.1 5.1 1.8 8.2 7.3 1.1 906.3 

Unnamed Stream 2,013 122.5 40.8 3.0 10.1 69.5 0.9 0.1 1.6 2.2 0.1 250.8 

CHAUTAUQUA LAKE 
WATERSHED 101,872 1,463.3 922.9 261.2 549.4 3,792.9 62.2 7.7 48.9 90.8 12.9 7,212.1 
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Table 9-5.  AVGWLF Total Phosphorous Loadings per Acre by Subwatershed and Source for the Chautauqua Lake Watershed  
 

Subwatershed Acres 

Total P Sources 
Total P Loads 

per Acre 
(kg/acre/year) 

Croplands 
(kg/acre/year) 

Hay/Pasture 
(kg/acre/year) 

High Intensity 
Development 
(kg/acre/year) 

Low Intensity 
Development 
(kg/acre/year) 

Groundwater 
(kg/acre/year) 

Septic       
(kg/acre/year) 

Streambank 
(kg/stream 
mile/year) 

Transition 
(kg/acre/year) 

Forest       
(kg/acre/year) 

Wetlands       
(kg/acre/year) 

Ball Creek 6,306 0.21 0.03 0.31 0.13 -- -- 0.02 0.44 0.00 0.00 0.07 

Bemus Creek 7,925 0.22 0.06 0.31 0.13 -- -- 0.02 0.43 0.00 0.00 0.07 

Big Inlet 7,101 0.31 0.07 0.36 0.15 -- -- 0.02 0.87 0.00 0.01 0.09 

Clear Creek 2,556 0.25 0.06 0.00 0.15 -- -- 0.01 0.00 0.00 0.00 0.00 

Dewittville Creek 9,357 0.20 0.06 0.00 0.15 -- -- 0.02 0.00 0.00 0.00 0.00 

Dutch Hollow Creek 4,073 0.28 0.07 0.36 0.15 -- -- 0.02 0.02 0.00 0.00 0.08 

Goose Creek 19,047 0.18 0.02 0.31 0.13 -- -- 0.03 9.83 0.00 0.00 0.06 

Little Inlet 1,269 0.23 0.06 0.36 0.15 -- -- 0.01 0.45 0.00 0.00 0.08 

Maple Springs Creek 3,110 0.28 0.07 0.31 0.13 -- -- 0.01 0.48 0.00 0.00 0.08 

Mud Creek 3,128 0.27 0.07 0.36 0.15 -- -- 0.02 0.24 0.00 0.00 0.10 

North Basin Periphery 7,848 0.17 0.03 0.36 0.13 -- -- 0.06 0.24 0.00 0.00 0.08 

Prendergast Creek 14,697 0.18 0.03 0.31 0.13 -- -- 0.02 0.17 0.00 0.00 0.06 

South Basin Periphery 13,442 0.19 0.03 0.36 0.15 -- -- 0.06 3.33 0.00 0.00 0.08 

Unnamed Stream 2,013 0.36 0.07 0.31 0.13 -- -- 0.01 0.02 0.00 0.00 0.12 

CHAUTAUQUA LAKE 
WATERSHED 101,872 0.22 0.04 0.36 0.14 -- -- 0.03 0.24 0.00 0.00 0.07 
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Table 9-6.  AVGWLF Total Sediment Loadings by Subwatershed and Source for the Chautauqua Lake Watershed  
 

Subwatershed Acres 

Total Sediment Sources 
Total Sediment 

Loads      
(kg/year) 

Croplands 
(kg/year) 

Hay/Pasture 
(kg/year) 

High Intensity 
Development 

(kg/year) 

Low Intensity 
Development 

(kg/year) 

Streambank 
(kg/year) 

Transition 
(kg/year) 

Forest       
(kg/year) 

Wetlands       
(kg/year) 

Ball Creek 6,306 85,760.0 31,600.0 180.0 3,600.0 14,302.7 1,040.0 3,710.0 120.00 140,312.7 

Bemus Creek 7,925 36,480.0 30,320.0 180.0 1,500.0 24,944.2 1,000.0 5,710.0 90.00 100,224.2 

Big Inlet 7,101 167,880.0 39,270.0 150.0 2,820.0 16,494.0 2,170.0 4,100.0 1,420.00 234,304.0 

Clear Creek 2,556 6,740.0 11,510.0 0.0 230.0 2,412.2 0.0 2,300.0 10.00 23,202.2 

Dewittville Creek 9,357 101,520.0 31,470.0 0.0 1,370.0 25,882.3 920.0 6,210.0 90.00 167,462.3 

Dutch Hollow Creek 4,073 35,510.0 25,640.0 180.0 4,300.0 8,863.4 1,050.0 2,870.0 30.00 78,443.4 

Goose Creek 19,047 188,930.0 48,200.0 400.0 4,290.0 83,523.4 26,080.0 9,350.0 250.00 361,023.4 

Little Inlet 1,269 3,000.0 2,710.0 510.0 840.0 2,002.2 1,050.0 960.0 100.00 11,172.2 

Maple Springs Creek 3,110 26,780.0 21,940.0 30.0 1,120.0 3,673.6 1,240.0 2,510.0 10.00 57,303.6 

Mud Creek 3,128 41,270.0 15,220.0 930.0 3,300.0 7,664.3 1,050.0 1,850.0 110.00 71,394.3 

North Basin Periphery 7,848 22,930.0 33,180.0 1,100.0 24,280.0 17,695.1 1,820.0 4,880.0 140.00 106,025.1 

Prendergast Creek 14,697 140,670.0 46,940.0 20.0 4,030.0 58,645.2 3,130.0 9,870.0 120.00 263,425.2 

South Basin Periphery 13,442 72,590.0 27,800.0 6,520.0 21,190.0 80,171.8 9,440.0 6,790.0 300.00 224,801.8 

Unnamed Stream 2,013 81,520.0 11,560.0 150.0 1,320.0 2,396.4 1,550.0 1,160.0 40.00 99,696.4 

CHAUTAUQUA LAKE 
WATERSHED 101,872 1,011,580.0 377,360.0 10,350.0 74,190.0 348,670.9 51,540.0 62,270.0 2,830.0 1,938,790.9 
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Table 9-7.  AVGWLF Total Sediment Loadings per Acre by Subwatershed and Source for the Chautauqua Lake Watershed  
 

Subwatershed Acres 

Total Sediment Sources 
Total Sediment 
Loads per Acre 
(kg/acre/year) 

Croplands 
(kg/year) 

Hay/Pasture 
(kg/year) 

High Intensity 
Development 

(kg/year) 

Low Intensity 
Development 

(kg/year) 

Streambank 
(kg/year) 

Transition 
(kg/year) 

Forest       
(kg/year) 

Wetlands       
(kg/year) 

Ball Creek 6,306 152.9 17.5 10.4 17.1 818.1 420.9 1.06 0.61 22.3 

Bemus Creek 7,925 120.0 21.0 10.4 10.6 908.9 404.7 0.99 0.60 12.8 

Big Inlet 7,101 191.4 23.0 20.2 22.8 757.1 878.2 1.25 1.32 33.1 

Clear Creek 2,556 170.5 21.5 0.0 11.6 381.4 0.0 1.19 1.01 9.2 

Dewittville Creek 9,357 128.4 16.5 0.0 17.9 845.8 372.3 0.97 0.60 18.0 

Dutch Hollow Creek 4,073 181.9 24.5 12.1 25.6 860.6 21.2 1.11 0.61 19.1 

Goose Creek 19,047 134.6 12.1 8.5 12.7 1,372.9 10,554.2 0.74 0.47 19.1 

Little Inlet 1,269 121.4 14.1 12.1 15.5 571.7 424.9 1.18 0.79 8.9 

Maple Springs Creek 3,110 180.6 27.0 12.1 14.6 552.0 501.8 1.24 0.51 18.6 

Mud Creek 3,128 159.1 18.2 17.9 21.2 898.8 212.5 1.14 0.68 23.1 

North Basin Periphery 7,848 130.7 24.2 11.1 27.3 2,744.3 245.5 1.15 0.62 15.2 

Prendergast Creek 14,697 135.2 14.6 8.1 13.7 1,110.0 181.0 1.00 0.52 18.0 

South Basin Periphery 13,442 161.4 16.0 15.4 17.0 2,828.6 3,820.2 0.97 0.72 19.9 

Unnamed Stream 2,013 242.6 20.0 15.2 17.2 492.4 15.3 1.22 0.90 47.6 

CHAUTAUQUA LAKE 
WATERSHED 101,872 153.2 17.8 14.1 19.2 1,219.3 254.4 0.99 0.83 19.7 
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10 County, State and Federal Agencies and Programs  
 
This section identifies and describes the existing roles, responsibilities and effectiveness of County, 
state and federal agencies, regulations, and programs as they affect point and nonpoint source 
pollution in the Chautauqua Lake watershed, including stormwater management, wetlands, stream 
corridor and habitat protection and restoration, and watershed hydrology. 
 
10.1 County Programs  
 
The following section summarizes the Chautauqua County programs that address water quality, 
including: 
 

 Chautauqua County Soil and Water Conservation District 
 Chautauqua County Water Quality Coordinating Committee  
 Chautauqua County Environmental Management Council 
 Chautauqua County Local Law for Phosphorus-Containing Lawn Fertilizers 

 
CHAUTAUQUA COUNTY SOIL AND WATER CONSERVATION DISTRICT 
In the early 1930s, along with the Great Depression, came an equally unparalleled agricultural and 
ecological disaster known as the Dust Bowl.  Huge black dust storms that stretched across the nation 
blotted out the sun and swallowed the countryside. On Capitol Hill, while testifying about soil erosion 
problems, soil scientist Hugh Hammond Bennett drew back the curtains to reveal a sky blackened by 
dust. Congress immediately declared soil and water conservation a national policy and priority. 
 
NYS Soil and Water Conservation Districts Law established the NYS Soil and Water Conservation 
Committee, and created County Soil and Water Conservation Districts. The first NY Soil and Water 
Conservation District was established on July 31, 1940 in Schoharie County.  On December 7, 1944 
the Chautauqua County Board of Supervisors passed a resolution to form a Soil and Water 
Conservation District in this county.  Today, the conservation district is funded through county 
appropriations; sales of conservation shrubs, trees and supplies, fees for services offered and rental 
equipment used; grants and state funds.  The conservation district coordinates the services of 
federal, state and local conservation organizations to work on local environmental projects. The 
district coordinates funding, help obtain necessary environmental permits and make sure regulations 
are met.  The conservation district provides technical assistance to control and prevent water 
pollution from non-point sources, such as construction, agriculture, forestry and stormwater runoff 
from urban and other areas.  Environmental education is also a large part of the workload, from 
school children to municipal officials.  
 
The soil & water conservation district is very involved in the Agricultural Environmental 
Management (AEM) initiative.  The AEM program coordinates partnerships among existing 
agricultural and environmental conservation programs to reduce agricultural water pollution.  AEM 
helps farmers:  assess environmental concerns associated with their farming operations; implement 
environmental practices to address identified concerns; and understand and comply with state and 
federal environmental regulations.  Agricultural Environmental Management uses a tiered approach 
which helps farmers with priority environmental farm plans.  The conservation district has access to 
the NYS Agricultural Non-Point Source Abatement and Control Program, which is funded through the 
NYS Environmental Protection Fund and the Clean Water/Clean Air Bond Act.  This program 
provides cost sharing, through the competitive grant process, to plan and install practices on farms 
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1. To advise county governments; and  

2. To provide a liaison between the community and the county government.  

 
EMCs were established under Article 47 of the New York State Environmental Conservation Law 
passed in 1970. The EMCs strive to affect environmental improvement within the system. EMC 
projects often take the form of studies that provide recommended courses of action for decision-
makers. Topics of study may include, but are not limited to: recycling, solid waste management, 
household hazardous waste, water quality, environmental review, hazardous waste management, 
and natural resource management.   
 
Article 6 of Chautauqua County's Administrative Code establishes an EMC. The EMC is comprised of 
nine citizen members appointed by the County Executive subject to confirmation by the County 
Legislature. The EMC is staffed by the Department of Planning and Economic development. 
 
CHAUTAUQUA COUNTY LOCAL LAW FOR PHOSPHOROUS-CONTAINING LAWN FERTILIZERS 
The use of lawn fertilizers represents a controllable nonpoint source of phosphorus for Chautauqua 
Lake. Significant nutrient loading can result from over-application of lawn fertilizers in urban and 
suburban areas. Turf grasses are typically limited in growth by nitrogen and/or potassium and need 
only small amounts of phosphorus. Additional phosphorus added to the soil can end up leaching out 
and enter into ground and/or surface waters.  Limiting the amount of fertilizer applied to the 
minimum quantity needed for optimum plant growth minimizes the potential for surface or 
groundwater contamination.  
 
In September of 2009, the County Legislature passed a local law that restricts the sale of phosphorus-
containing lawn fertilizers in Chautauqua County.  This law, which will go into effect in 2011, 
restricts the sale and use of lawn fertilizers containing phosphorus unless a soil test demonstrates 
that phosphorus is deficient.  Agricultural application, new lawns, flower and vegetable gardens, 
trees and shrubs, and nurseries and green houses are exempt from this law. It must be noted that the 
effectiveness of a fertilizer management program depends upon cumulative efforts within the 
watershed. This means that an aggressive educational/public outreach program will be required to 
implement this as well as other nonstructural BMPs. 
 
10.2 State Agencies and Regulations 
 
The following section summarizes the New York State agencies with water resource regulatory 
authority affecting point and nonpoint source pollution.  The following agencies, and their associated 
programs, have been included in the assessment: 
 

 Department of State 
 Department of Environmental Conservation 
 Department of Agriculture and Markets 
 Department of Health  

  















http://www.agmkt.state.ny.us/SoilWater/aem/index.html
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11 Funding Section   
 
11.1 Agricultural Funding Sources 
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11.2 Other Funding Sources  
 

Source Program Description  Money Available Related Chautauqua Lake 
Watershed Recommendations Weblink  

EPA C.A.R.E. - Community Action for 
a Renewed Environment 

A competitive grant program that offers an innovative way 
for a community to organize and take action to reduce 

toxic pollution in its local environment.  Through CARE, a 
community creates a partnership that implements 
solutions to reduce releases of toxic pollutants and 

minimize people's exposure to them. 

Level I Agreement (about $90,000) 
Level II Agreement (about $275,000) 

Partnerships and Collaboration; 
TMDL (Phosphorous) Input 

Reduction 
http://www.epa.gov/CARE/  

USDA W.H.I.P. - Wildlife Habitat 
Incentives Program 

A voluntary program for people who want to develop and 
improve habitat primarily on private land. 

Provides up to 75 percent cost-share 
assistance to establish and help improve 

fish and wildlife habitat (i.e. invasive 
species, insects, animals, diseases, etc.) 

Invasive Species; 
Submerged Aquatic Vegetation & 

Algae 
http://www.invasivespeciesinfo.gov/toolkit/grants.shtml  

USDA E.Q.I.P. - Environmental Quality 
Incentives Program  

To provide a voluntary conservation program for farmers 
and ranchers that promotes agricultural production and 

environmental quality as compatible national goals.  EQIP 
offers financial and technical assistance. 

May cost-share up to 75 percent of the 
costs of certain conservation practices.  

Limited resource producers and beginning 
farmers and ranchers may be eligible for 

cost-shares up to 90 percent. 

Invasive Species; 
Agricultural Practices and 

Management 
http://www.invasivespeciesinfo.gov/toolkit/grants.shtml  

USDA Wildlife Services Operations 

Protects US Agriculture, natural resources, property and 
human safety and health from wildlife damage and 

wildlife-borne diseases.  The program works with affected 
States to manage certain invasive species. 

Normally provides 50 percent of a project's 
cost. Invasive Species http://www.invasivespeciesinfo.gov/toolkit/grants.shtml  

Local Municipality Stormwater Utility Program 

Generates revenue to help local municipalities address 
obstacles associated with funding for new/improved 

infrastructure, as well as costs associated with stormwater 
and runoff problems. 

Fee is established by the local municipality 
based on local conditions, problems and 

needs. 

Infrastructure; 
Green Infrastructure, stormwater 

management; 
Various case studies are available and may be provided, if this is a feasible source. 

NYSDEC Water Quality Improvement 
Projects (WQIP) program   

Successful applicants can be reimbursed 
for up to 75% or 85% of the total cost of 

the project 
Infrastructure;   

NYSDEC 

Section 604(b) of the federal 
Clean Water Act (American 

Recovery and Reinvestment Act 
ARRA). 

The ARRA provides $1.7 million to New York State for 
planning activities associated with: 

 
Green Infrastructure;  

Total Maximum Daily Loads (TMDLs);  
Phase II Stormwater for Municipal Separate Storm Sewer 

Systems (MS4s); and  
Water Quality Management.  

Various Infrastructure; 
Pollution Control http://www.dec.ny.gov/public/53160.html  

New York State Economic Recovery Handbook Stimulus Money Availability; various agencies and topic 
areas. Various. Environment and Water Quality. http://www.recovery.ny.gov/Recovery%20Book%20-%205%201%2009.pdf  

  

http://www.epa.gov/CARE/
http://www.invasivespeciesinfo.gov/toolkit/grants.shtml
http://www.invasivespeciesinfo.gov/toolkit/grants.shtml
http://www.invasivespeciesinfo.gov/toolkit/grants.shtml
http://www.dec.ny.gov/public/53160.html
http://www.recovery.ny.gov/Recovery%20Book%20-%205%201%2009.pdf
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12 Community Outreach Plan  
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