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(Management Scenario 1; Table 17B) including a remediation of Bigelow and Spring Creeks, 
upgrade of Bergen WWTP to tertiary treatment, and alternative manure disposal at the CAFOs 
in the headwaters, the total TP loss could be reduced 40% and TSS 11% at Middle BC (Table 16) 
and result in a reduction of the annual average TP concentration from 90.4 µg P/L to 64.1 µg 
P/L.  Clearly, the suggested target of 65 µg P/L proposed by the DEC for streams in New York 
(Table 17) is attainable.  By focusing remediation on the two largest sources of phosphorus, 
farm animals (2,800 kg TP/yr, 17.5% of the total; Table 15) and sewage treatment (2,797 kg 
TP/yr, 17.5% of the total; Table 15), the annual TP load can be reduced by 5,597 kg (35%).  A 
more stringent water quality target of 45 µg P/L (Management Scenario 2; Table 17B) can be 
met at Middle BC (43.1 µg P/L, Table 17B) by applying buffer strips, conservation tillage, 
contour farming, alternative manure operations, elimination of the Bergen WWTP from the 
watershed, tributary remediation, and stream bank stabilization.  Lastly, the 20-µg P/L 
proposed water quality target is not attainable in the Black Creek watershed because it is below 
the P concentration at Middle BC in a completely forested state (Table 17A). 
 
Lower Black Creek (BC) Subbasin 
 
Observed Loads from Lower Black Creek 
The Lower BC segment (Fig. 3) of Black Creek covers an area of 15,021 ha and reaches from 
Caroll Road in Churchville, NY, to Archer Road in Chili, NY (Fig. 3, Table 1).  The Lower Black 
Creek segment, which is closest to the watershed outlet and downstream of Middle BC (Fig. 3), 
is not a significant contributor of nutrients per unit area of time (TN, nitrate, TP, and SRP) nor of 
bacteria to losses from the watershed (Table 9b).  In fact, the negative areal loads (Table 9b) 
observed indicate this downstream segment is a sink for nutrients rather than a source.  For 
example, Lower BC has an observed areal load of -1.3 kg TN/ha/yr which means nitrogen is 
sequestered in this segment (Table 9b).  The slower velocity of water and meandering nature of 
this segment of Black Creek due to flat topography is evident.  Also 3,646.1 ha of wetlands (24% 
of the land use) capable of soluble nutrient uptake (Hall et al. 2002) are located in this segment.  
Large and frequent natural dams were observed within this segment during the erosion 
inventory as well.  The flat topography, meandering of the stream, wetlands, and natural dams 
allow adequate time for aquatic plants to uptake the soluble nutrients (SRP and nitrate) for 
growth and reproduction (Hall et al. 2002, Bukaveckas 2007).  Conversely, Lower BC is a large 
source of total suspended solids.  The total and areal loss of TSS from the Lower BC reach was 
extremely high (8,360.6 MT/yr and 407.5 kg/ha/yr) compared to all other segments (ranging 
597.8 to 2,239.1 MT/yr and 40.2 to 228.5 kg/ha/yr) (Table 9b). 
 
Sources and Modeling Conclusions: Lower Black Creek 
There are three tributaries that flow into the Lower BC segment: Hotel Creek, Northeast 
Tributary, and Mill Creek (Fig. 3).  From the results of an initial segment analysis of all tributary 
nodes in the Black Creek watershed, Hotel Creek was found to have little influence on water 
quality due to low nutrient, sediment, and bacteria concentrations (Figs. 35-37 and 68) 
compared to the tributaries of Black Creek.  Mill Creek and Northeast Tributary were further 
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segmented to determine the source of elevated phosphorus and nitrogen concentrations (Figs. 
45-47 and 54-56, respectively).   

 

In the Mill Creek subwatershed, increases in TN and nitrate were found between sites M5 and 
M4 (Fig. 46); this was first thought to be due to the golf course which runs along the stretch of 
Mill Creek between these two sites.  The Mill Creek Golf Course is located in Churchville, NY, 
and covers 130 ha of land in the Mill Creek subwatershed.  Golf courses generally impact 
nitrate-nitrogen levels more than orthophosphates from excess fertilization of greens and 
fairways (Wong et al. 1998).  Intensely managed golf courses can significantly increase nitrates 
in ground and surface water through leaching and runoff depending on the fertilizer application 
and soil percolation rates (Shuman 2001).  The clubhouse also has a septic system that 
discharges 3,308 gallons of treated effluent per day into a drainage ditch leading to Mill Creek.  
This permit contains seasonal effluent limits for biological oxygen demand, suspended solids, 
pH, ammonia, dissolved oxygen, and fecal coliform (NYSDEC 2010).  
 
Additionally, a small farm exists in the Mill Creek subwatershed whose runoff is fed into Mill 
Creek from a small tributary.  High concentrations of TP, SRP, TN, nitrate, and TSS were 
observed in drainage downstream of this farm on 15 March 2011 during an event period.  
These high concentrations are diluted by the main stem of Mill Creek but slightly raise nutrient 
and sediment concentrations within the creek (Figs. 45-47). This farm is the suspected source of 
high nutrient, sediment, and bacteria levels found at site Mill Creek 4 although it is important to 
note that the Mill Creek Golf Course is a possible secondary source of nitrogen nearby (Figs. 45-
47).  
 
Within the Northeast Tributary (Fig. 3) elevated nutrient and sediment concentrations were 
observed at the outlet on 15 June and 17 August 2010.   Within the Northeast Tributary 
subwatershed there is one Large CAFO (Zuber Farms), one medium CAFO (Leibeck Farms), and 
one small horse farm that impact the stream.  Leibeck Farms has 345 dairy cattle (2010 
estimate) (personal communication: Tucker Kautz, Monroe County Soil and Water Conservation 
District) and is a suspected source of high concentrations of nutrients and sediments observed 
above site NET5 (Fig. 54) during an event period: TP (186.4 µg P/L), SRP (80.6 µg P/L), TN (2.02 
mg N/L), nitrate (1.16 mg N/L), TSS (20.4 mg/L), and TC (22,500 CFU/100 mL) (Figs. 54-56).  The 
high concentrations of nutrients and sediments in conjunction with high levels of bacteria 
indicate the presence of fecal contamination in this area.  Similarly the pasture farm above site 
NET4 owned by Zuber Farms has approximately 1000 dairy cattle (2010) (personal 
communication: Tucker Kautz, Monroe County Soil and Water Conservation District) and is also 
a suspected source of TN, nitrate, and total coliforms during both event and nonevent periods 
(5 October and 19 October 2010).  Lastly, the small horse farm (Fig. 57) which is directly 
downstream of NET2 is likely the source of TSS and TP at site NET1 (Figs. 54-56).  This farm is 
sloped downward towards the stream and does not have any means to keep soil on the land.  
When the soil runs off into the water from this site, it will also increase phosphorus loading as 
well.  Loss of phosphorus from soil due to surface runoff has a significant effect on water 
quality in receiving waters (McDowell and Sharpley 2001).   
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Although the Mill Creek and Northeast Tributary are not of utmost concern for management 
because the Lower BC segment has low areal loading for nutrients and bacteria, it is important 
to locate these sources that may impact water quality seasonally or during events.  Dissimilar to 
the nutrient load, the loss of TSS from the Lower BC segment is the highest both in total 
amount of sediment exported and sediment load per unit area.  The total annual field-observed 
TSS load was 8,360.6 MT/yr from Lower BC and only 26.8% can be attributed to the watershed 
area above Middle BC (Table 9a).  During the 2010-2011 field season, over 85% of the TSS load 
occurred at Lower BC during events where as only 15% occurred during nonevents (Table 19).  
The vast majority of this load occurred during the ‘wet’ season in the spring and during winter 
months where rain and snowmelt events occur in high frequency and magnitude (Figs. 28-33).  
During these events, the landscape surface is scoured and runoff carries high concentrations of 
constituents to surface waters (Pionke et al. 1999).   As a result of the high sediment loads 
observed, a stream bank inventory of portions of this segment was undertaken. 
 

Stream Bank Erosion 
According to the Genesee/Finger Lakes Regional Planning Council, stream bank erosion is a 
major issue in the Black Creek watershed and is a significant source of sediment in Black Creek 
(GFLRPC 2004).  The results from our erosion inventory study suggest that the ~6,000 MT/yr of 
sediment loss from Lower BC is mostly due to stream bank erosion.  Also, it is evident that 
runoff from agricultural fields is magnified due to the large amount of unbuffered stream banks 
within this segment.  In the 5.12 km of Black Creek directly upstream of the Lower BC segment, 
1.66 km or 32.4% of the stream bank was found to be highly eroded compared to 4.6% in a 
reference area (Table 10).  In addition, 2.33 km or 45.5% of this segment has less than a 50-ft 
buffer between agricultural fields and the stream compared to only 5.2% in a reference area 
(Table 10).  Recommendations for riparian buffer zone widths are commonly between 10 to 100 
m (Allan et al. 1997).   
 
The Lower BC segment is also prone to excessive flooding due to the relatively flat topography.  
The ability of a stream to erode and transport sediment is increased when the amount of runoff 
increases due to rain or snowmelt (Leopold and Maddock 1953).  Flooding and event conditions 
augment the transport of nutrients and sediments from the nearby agricultural fields to the 
stream (He and Crowley 2007).  When the amount of runoff is increased, channels in the 
stream network may become steeper and have unstable eroding stream banks (Fitzpatrick et al. 
1999) that cause strong positive feedback where erosion of stream banks continues or even 
intensifies (Fitzpatrick et al. 1999).  Management of stream banks in this area is suggested, 
particularly during event periods where 85% of the load is occurring (Table 19). The area of 
eroded stream bank is directly above the outlet to the Genesee River and clearly impacts 
sediment load to the Genesee.  Increasing the buffer zone between agricultural fields and 
stream banks, as well as providing stream bank stabilization in highly impacted zones, should 
reduce the load of sediment from this area significantly.  BCSWAT was employed to test 
management scenarios reducing erosion. 
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SUMMARY 

Black Creek is one of several tributaries of the Genesee River basin that are impacted by human 
uses, that have an impact on soil and nutrient loads to the Genesee River, and should be 
targeted for remediation. Human activities within the Black Creek watershed have significant 
impacts on land-use and water-use patterns.  Over 70% of the TP load of Black Creek to the 
Genesee River can be attributed to anthropogenic sources.  This study quantified the total loss 
of nutrients and sediments from the Black Creek watershed, identified the location of point and 
nonpoint sources of nutrients and sediment, and determined the most effective practices to 
manage these sources using the soil and water assessment tool.  A water quality target of 65 µg 
P/L for phosphorus in streams is the most practical target for the Black Creek watershed 
because it is attainable without making unrealistic land-use changes to the entire watershed 
area, which would be necessary to reach a goal of 45 µg P/L.  The most effective management 
operation that should be utilized to reduce the total load of P to the Genesee River is to either 
upgrade the Bergen WWTP to tertiary treatment or pipe the effluent from this plant to a larger 
plant with newer treatment technologies.  Alternative manure disposal for dairy operations in 
Black Creek should also be considered when constructing a management plan for the 
watershed as it can result in large reductions in nutrient and sediment load.  Another issue is 
the loss of sediment from the Lower BC segment.  Stabilizing and buffering the stream banks in 
this highly erodible area will drastically reduce the total load of sediment and P from Black 
Creek.    
 
To achieve water quality targets proposed by the Department of Environmental Conservation, 

the BCSWAT model was employed.  A target of 65 g P/L was achieved at Lower BC by 
remediating impacted tributaries (Spring and Bigelow Creeks), applying buffer strips to 
agricultural areas near streams, utilizing alternative manure operations such as anaerobic 
digestion and manure storage for CAFOs in the watershed, upgrading the Bergen WWTP to 
tertiary treatment, and stabilizing erodible stream banks above Lower BC (Management 

Scenario 1).  The TP concentration was reduced from 79.6 g P/L to 60.3 g P/L and the TSS 

concentration from 30.6 mg/L to 8.7 mg/L.  A more stringent water quality target of 45 g P/L 
was also achieved at Lower BC by utilizing all management used in Management Scenario 1 as 
well as buffer strips, conservation tillage, and grassed waterways applied to all croplands; by 
rerouting all effluent from Bergen WWTP and septic systems to an WWTP outside of the 
watershed; and by stabilizing all stream banks within Black Creek (Management Scenario 2).  

The above described management scenario reduced the annual TP concentration to 38.3 g 

P/L, well below the 45-g P/L target.  A target of 20 g P/L is not attainable in Black Creek 

because it is below the natural state of the watershed (36.2 g P/L).  By meeting the 65-g P/L 
target in the Black Creek watershed, the annual TP load to the Genesee River is predicted to be 

reduced by 27% (Management Scenario 1); alternatively, reaching the 45-g P/L target 
(Management Scenario 2) would reduce the annual TP load to the Genesee River by 56%. 
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Table 1. Routine sampling and gaging sites in the Black Creek (BC) watershed.   Samples were taken weekly from 1 June 
2010 to 30 June 2011 except for the USGS gaging site at Carroll Road where continuous flow measurement were 
available. Also see Figure 3 for locations.  

Site Town Road Name Latitude Longitude 

BC Bigelow Creek Byron Cockram Road 43.32278 N -78.11583W 

BC Upper Byron Rt. 237 43.18333N -78.31444W 

BC Spring Creek Batavia Rt. 237 43.24333N -78.25306W 

BC Middle 
USGS Gage Site  

04231000 Churchville Carroll Street 43.10056N -77.88250W 

BC Lower  Chili Archer Rd 43.22361N -77.94500W 

 

 
Table 2. Location and information on the five wastewater treatment plants (WWTP) within the Black Creek Watershed. 
MGD=Million Gallons per Day. Churchville WWTP was closed in 2002  

Name Town 
Sampling 

Date County Latitude Longitude Watershed  Treatment 
Max Discharge 

(MGD) 

Churchville 
WWTP Churchville 

 
9/21/10 Monroe 43.0536N 77.5252W Black  NA 0.3000 

Village of 
Bergen: WWTP Bergen 

10/19/10 
7/22/11 Genesee 43.0525N 77.5625W Minny  Secondary 0.2080 

North Byron SD 
WWTP Byron 

 
11/9/10 Genesee 43.0537N 78.0406W Spring  Leachfield 0.0060 

Byron SD 
WWTP Byron 

 
11/12/10 Genesee 43.0504N 78.0342W Black  Leachfield 0.0530 

S. Byron SD 
WWTP Byron 

 
11/9/10 Genesee 43.0306N 78.0400W Black  Leachfield 0.0250 
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Table 3.  Point source (WWTPs, SPDES, Leachfields) into the Black Creek SWAT (BCSWAT) model.  Source type, receiving 
tributary discharge, source name, daily discharge (m3/d), and total phosphorus (TP) concentration (µg P/L). 

  

Source Type Receiving 
Tributary 

Name Discharge (m3/d) TP (µg P/L) 

WWTP/SPDES Minny Creek Village of Bergen Wastewater treatment plant 472.6 13,335.5 

SPDES Groundwater Town & Country Family Restaurant 90.9 29.4 

SPDES Bigelow Creek Batavia Country Club 9.1 110.1 

SPDES Bigelow Creek Country Meadows Mobile Home Park 363.6 29.4 

SPDES Groundwater Hidden Meadows Manufactured Home Community 63.6 29.4 

SPDES Groundwater Southwoods R.V. Resort 42.3 16.2 

Leachfield/SPDES Black Creek Byron S.D. WWTP 159.1 16.8 

Leachfield/SPDES Spring Creek North Byron S.D. WWTP 19.1 16.8 

Leachfield/SPDES Black Creek South Byron S.D. WWTP 81.8 16.8 

SPDES Groundwater Barber's Party House 204.5 9.7 

SPDES Minny Creek Barbary Coast Mobile Home Park 44.1 20.2 

NPDES Minny Creek Allens Inc 181.8 20.2 

NPDES Mill Creek  Chili Country Club 45.4 41 

NA Headwaters Hanson Stafford Limestone Quarry 1,363.4 19.3 
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Table 4.  Water added to subbasins 24, 28, and 27 (Fig. 6) in the Black Creek SWAT model to account for the quantity of 
water added to Black Creek via ground water from the Onondaga Escarpment in February, March, and April. 

 

 

 

 

 

 

Escarpment Water Added as Water Use  

  

Subbasins 

24 28 27 

Q (m3x104) per day 0.33% 0.18% 0.49% 

February 11.69 6.29 17.43 

March 19.2 10.34 28.63 

April 12.57 6.77 18.74 
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Table 5.  Final parameter values for calibration of water balance, total suspended 
solids, and total phosphorus in the Black Creek Soil Water and Assessment Tool 
BCSWAT. 

A. Water Balance 

Parameter Description Value 

CN2 SCS Curve Number -25% 

SFTMP/SMTMP Snow Fall Temperature -5/-5 

PET Potential Evapotranspiration Method Hargreaves 

ESCO Soil Evaporation Compensation Factor 0.3 

EPCO Plant Evaporation Compensation Factor 0.8 

CN_Froz Curve Number Adjusted for Frozen Soil Active 

SURLAG Surface Runoff Lag Factor 3.65 

GW_Delay Groundwater Delay Time (days) 38 

ALPHA_BF Baseflow Alpha Factor (days) 0.11 

GW_REVAP Groundwater 'revap' Coefficient 0.02 

B. Total Suspended Solids 

Parameter Description Value 

CH_N2 Mannings 'n' Value for the Main Channel 0.094 

CH_K2 Effective Hydraulic Conductivity in Main Channel 15 

CH_COV1 Channel Erodibility Factor 0.55 

CH_COV2 Channel Cover Factor 0.55 

ALPHA_BNK Baseflow Alpha Factor for Bank Storage 0.12 

CH_EQN Sediment Routing Method 3 

USLE_P USLE Eqn. Cropping Practices Factor 0.55 

ADJ_PKR Peak Rate Adjustment for Sediment in Tributary Channels 0.5 

PRF Peak Rate Adjustment Factor for Sediment in the Main Channel 0.0001 

SPCON Factor for Maximum Amount of Sediment to be Reentrained  0.0002 

SPEXP Exponent Parameter for Calculating Sediment Reentrained 1 

C. Total Phosphorus 

Parameter Description Value 

P_UPDIS Phosphorus Uptake Distribution Parameter 10 

PPERCO Phosphorus Percolation Coefficient 13 

PHOS_KD Phosphorus Soil Partitioning Coefficient 178 

PSP Phosphorus Availability Index 0.6 

RSDCO Residue Decomposition Coefficient 0.035 

BC4 Rate Constant for Mineralization of Organic P to Dissolved P 0.28 

RS2 Benthic Sediment Source Rate for Dissolved P 0.05 

RS5 Organic P Settling Rate in the Reach 0.05 

RSDIN Initial Residue Cover 1150 

ERORGP Phosphorus Enrichment Ratio for Loading with Sediment 0.03 

BIOMIX Biological Mixing 0.65 
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Table 6.  Calibration and validation results for the Black Creek Soil and Water Assessment Tool. Nash-Sutcliffe efficiency 
(NSE), correlation coefficient (r2), and percent bias (PBIAS) for observed versus modeled values for flow (calibration 
period: June 2010 through May 2011), flow verification (January to December 2001), total suspended solids (TSS) (June 
2010 through May 2011), and total phosphorus (TP) (June 2010 through May 2011). 

 
 
 
 
 
 
 
Table 7. Summary of observed total phosphorus (TP) load and total suspended solids (TSS) load and simulated TP and TSS 
from the BCSWAT model at five routine subbasin monitoring sites.  The percent bias (PBIAS) between observed and 
simulated load is given.  BC=Black Creek, M=Main stem, T=Tributary. 

 
 
 
 
 
 
 
 

  

Type NSE r2 PBIAS 

Water Calibration 0.88 0.93 - 3.6 

Water Validation 0.71 0.73 - 14.3 

TSS 0.71 0.74 + 2.0 

TP 0.78 0.80 + 9.8 

Total Phosphorus 

Site/Subbasin Watershed Area (ha) Observed TP (MT/yr) Simulated TP (MT/yr) PBIAS (%) 

Bigelow (T) 2,616 2.9 2.0 -31.0 

Upper BC (M) 11,784 6.9 7.0 1.4 

Spring (T) 5,542 4.3 3.4 -20.9 

Middle  BC (M) 34,446 13.8 15.1 9.8 

Lower BC (M) 49,467 16.5 17.3 4.8 

Total Suspended Solids 

Site/Subbasin Watershed Area (ha) Observed TSS (MT/yr) Simulated TSS (MT/yr) PBIAS (%) 

Bigelow (T) 2,616 597.8 626.1 4.7 

Upper BC (M) 11,784 1327.4 1335.7 0.6 

Spring (T) 5,542 955.3 841.7 -11.9 

Middle  BC (M) 34,446 2239.1 2284.4 2.0 

Lower BC (M) 49,467 8360.6 6659.9 -20.3 
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Table 8. Average field observed concentration (standard error) of water samples taken from the five routine monitoring 
sites (Bigelow Creek, Upper BC, Spring Creek, Middle BC, and Lower BC) for a period of one year.  Samples were taken on 
a total of 55 sampling dates (20 during event conditions, and 35 during nonevent conditions).  TP=Total Phosphorus, 
SRP=Soluble Reactive Phosphorus, TN=Total Nitrogen, TSS=Total Suspended Solids, TC= Total Coliform Bacteria, BC= Black 
Creek, M=Main stem, T= Tributary. 

 

 
 
 
 
 
 
 
 
 
 
 
  

Site TP (µg P/L) SRP (µg P/L) TN (mg N/L) Nitrate (mg N/L) TSS (mg/L) TC (CFU/100 mL) 

Bigelow (T) 114.5 ± 21.5 48.5 ± 9.0 1.42 ± 0.14 0.75 ± 0.11 19.8 ± 5.7 8,549 ± 1,793 

Upper (M) 117.7 ± 18.3 59.5 ± 6.7 2.45 ± 0.21 1.68 ± 0.15 18.5 ± 4.8 8,876 ± 1,998 

Spring (T) 96.0 ± 19.1 41.7 ± 5.6 3.43 ± 0.33 2.74 ± 0.23 17.9 ± 5.2 16,082 ± 4,529 

Middle (M) 70.0 ± 4.9 27.3 ± 3.4 2.02 ± 0.14 1.33 ± 0.13 10.9 ± 1.2 6,513 ± 1,468 

Lower (M) 67.7 ± 3.9 29.3 ± 2.4 1.55 ± 0.10 1.05 ± 0.10 11.9 ±1.0 5,676 ± 915 
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Table 9.  A. Field observed results for total annual load of nutrients (MT/yr), sediments (MT/yr), and bacteria (CFU/yr) at 
five monitoring sites in the Black Creek watershed.  The percent contribution of each site (Bigelow Creek, Upper BC, 
Spring Creek, and Middle BC) to the total annual load (MT/yr) at the outlet (Lower BC) is provided.  B. Field observed 
areal total annual loads normalized for segment reach area for main stem sites Upper, Middle, and Lower Black Creek and 
tributary sites, Bigelow and Spring Creeks.  C. Field observed areal total annual loads normalized for the entire Black 
Creek watershed area.  TP=Total Phosphorus, SRP=Soluble Reactive Phosphorus, TN=Total Nitrogen, TSS=Total 
Suspended Solids, TC= Total Coliform Bacteria, BC= Black Creek, M=Main stem, T= Tributary. 

 

A. Total Annual Loading 

Site 
Watershed 
Area (ha) 

TP  
(MT/yr) 

SRP  
(MT/yr) 

TN  
(MT/yr) 

Nitrate  
(MT/yr) 

TSS  
(MT/yr) 

TC  
(CFU/yr) 

Bigelow (T) 2,616 2.9 (17.8%) 1.0 (18.7%) 32.0 (9.2%) 18.4 (7.2%) 597.8 (7.2%) 1.2E+15 (17.7%) 

Upper BC (M) 11,784 6.9 (42.1%) 2.8 (49.7%) 128.1 (36.7%) 90.1 (35.6%) 
1,327.4 
(15.9%) 3.5E+15 (50.9%) 

Spring (T) 5,542 4.3 (26.2%) 1.5 (27.2%) 96.0 (27.5%) 73.2 (28.9%) 955.3 (11.4%) 3.9E+15 (55.5%) 

Middle  BC (M) 34,446 13.8 (83.7 %) 6.3 (112.4%) 
369.5 

(105.8%) 
270.4 

(106.7%) 
2,239.1 
(26.8%) 6.7E+15 (96.0%) 

Lower BC (M) 49,467 16.5 5.6 349.4 253.4 8,360.6 7.0E+15 

B. Areal Total Annual Loading for Segment Reach  

Site 
Segment Area 

(ha) 
TP  

(kg/ha/yr) 
SRP 

(kg/ha/yr) 
TN  

(kg/ha/yr) 
Nitrate  

(kg/ha/yr) 
TSS  

(kg/ha/yr) 
TC  

(CFU/ha/yr) 

Bigelow (T) 2,616 1.1 0.4 12.2 7.0 228.5 4.7E+11 

Upper BC (M) 11,784 0.6 0.2 10.9 7.6 112.6 3.0E+11 

Spring (T) 5,542 0.8 0.3 17.3 13.2 172.4 7.0E+11 

Middle  BC (M) 22,662 0.3 0.2 10.7 8.0 40.2 1.4E+10 

Lower BC (M) 15,021 0.2 -0.1 -1.3 -1.1 407.5 1.8E+10 

C. Areal Total Annual Loading for the Black Creek Watershed 

Site 
Watershed 
Area (ha) 

TP  
(kg/ha/yr) 

SRP 
(kg/ha/yr) 

TN  
(kg/ha/yr) 

Nitrate  
(kg/ha/yr) 

TSS  
(kg/ha/yr) 

TC  
(CFU/ha/yr) 

Black Creek 49,467 0.3 0.1 7.1 5.1 169.0 1.4E+14 
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Table 10.  Erosion inventory conducted on the Lower Black Creek (BC) segment and a reference site in the upper reaches 
of Black Creek (Figs. 26 and 27).  The distance measured, length of erodible stream bank, percent eroded stream bank, 
number of sites recorded, distance of unbuffered stream bank, percent unbuffered stream bank, average distance from 
agricultural fields, and the percent agriculture land use of each study site are given.  The reference site was chosen based 
on an area along the main stem of Black Creek known to have low TSS loading (less than Lower BC).   

 
  

 
 

 

 

 

 

 

 Table 11. Measured seasonal load of nutrients (Mtons/season), sediment (Mtons/season), and bacteria (CFU/season) 
from Lower Black Creek at the outlet of the watershed. Values in parentheses represent the percent of total load.  
TP=Total Phosphorus, SRP=Soluble Reactive Phosphorus, TN=Total Nitrogen, TSS=Total Suspended Solids. 

 

  Lower BC Reach Reference Site 

Distance Measured (km) 5.12 5.24 

Erodible Stream bank (km) 1.66  0.24 

Percent Eroded Stream bank (%) 32.4  4.6 

Number of Sites with Eroded Stream Bank 11  7 

Stream bank with No Buffer Zone (km) < 25ft 1.53 km 0.00 km 

Stream bank with Low Buffer Zone (km) < 50ft 2.33 km  0.27 km  

Percent Unbuffered Stream bank (%) 45.5 5.2 

Average Dist. from Ag. Fields (km) 0.09 0.27 

Segment Land-use: % Agriculture 59.6% 77.2% 

Segment Areal Load (kg/ha/yr) 407.5 112.6 

Seasonal Load Spring  Summer Fall Winter Total  

TP (Mtons) 5.4 (33%) 1.4 (9%) 2.0 (12%) 7.7 (47%) 16.5 

SRP (Mtons) 2.0 (36%) 0.7 (12%) 0.7 (13%) 2.2 (40%) 5.6 

TN (Mtons) 129.0 (37%) 43.8 (13%) 43.0 (12%) 133.7 (38%) 349.4 

Nitrate (Mtons) 88.3 (35%) 31.4 (12%) 30.0 (12%) 103.7 (41%) 253.4 

TSS (Mtons) 930.1 (11%) 222.6 (3%) 403.5 (5%) 6804.3 (81%) 8360.6 

Total Coliform (CFU) 3.16E+15 (45%) 1.69E+15 (24%) 1.12E+15 (16%) 9.91E+14 (14%) 6.96E+15 
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Table 12. Critical areas identified from initial segment analysis of major tributary nodes and main stem sites on 15 June 
2010 and 17 August 2010. Critical areas define those areas that should be further segmented to identify the source of 
nutrients, sediments, or bacteria.  TP=Total Phosphorus, SRP=Soluble Reactive Phosphorus, TN=Total Nitrogen, TSS=Total 
Suspended Solids, Total Coli=Total Coliform Bacteria. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 13. Total nitrogen (TN) and nitrate values concentrations from samples taken at Lower Robin’s Brook (RB1) on 10 
July 2010, 29 June 2010, and 15 June 2010.

Site TP SRP TN Nitrate TSS Total Coli 

Lower X X   X  

Middle X X   X X 

Upper X X   X  

Headwaters of Upper BC X X     

Main stem 2     X  

Main stem 3     X  

Spring Creek   X X  X 

Bigelow Creek X X    X 

Mill Creek X X    X 

Robin's Brook   X X   

North Branch Tributary   X X   

Northeast Tributary X X X    

Site Date TN (mg-N/L) Nitrate (mg-N/L) 

Robin's Brook Lower (RB1) 7/10/2010 14.96 8.95 

Robin's Brook Lower (RB1) 6/29/2010 8.57 8.52 

Robin's Brook Lower (RB1) 6/15/2010 8.25 8.22 
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 Table 14. Comparison of nutrient concentration and bacteria abundance upstream and downstream of wastewater 
treatment plants in the Black Creek watershed.  Values are the average of 5 samples upstream and 5 samples 
downstream of the WWTP ± the standard error.  Statistical significance (Mann-Whitney U-Test)=  * designates 
significance at P=0.05, ** at P=0.01, and *** at P=0.001.  TP=Total Phosphorus, SRP=Soluble Reactive Phosphorus, 
TN=Total Nitrogen, TSS=Total Suspended Solids.  Values in parentheses indicate distance above and below the effluent 
pipe from which a stream sample was taken.  

 

  
TP  Nitrate  TSS  SRP  TN  Total coli  

(µg P/L)  (mg N/L)  (mg/L)  (µg P/L)  (mg N/L)  (CFU/100mL)  

Churchville 

Upstream (17m) 54.5 ± 2.8 1.10 ± 0.01 12.2 ± 0.3  5.6 ± 0.2 1.81 ± 0.01  5,380 ± 1,114  

Downstream (12m)  32.7 ± 6.7 1.20 ± 0.01 4.9 ± 0.2 5.9 ± 2.0 1.65 ± 0.02  4,260 ± 805  

  P-Value 0.095 **0.008 **0.008  0.113 **0.009 0.347 

Bergen 
(before 

upgrade) 

Upstream (10m) 20.1 ± 1.3  2.70 ± 0.01 5.7 ± 1.2 5.8 ± 0.2 2.80 ± 0.00 3,025 ± 516 

Downstream (65m) 3,835.8 ± 703.8 17.44 ± 2.90  3.6 ± 0.1 2,351.6 ± 261.3 19.9 ± 2.90 25,475 ± 1,882 

  P-Value *0.021 *0.019 0.245 *0.021 *0.019 *0.021 

Bergen 
(after 

upgrade) 

Upstream  19.1 ± 0.4 3.51 ± 0.02 6.5 ± 0.8 6.4 ± 0.1 3.73 ± 0.06 9,225 ± 727 

Downstream  3,155.4 ± 151.2 12.95 ± 0.60 6.8 ± 0.2 2,968.4 ± 187.1 15.20 ± 1.00 10,200 ± 187 

  P-Value 0.018** 0.020* 0.773 0.021*** 0.021*** 0.248 

Bergen Pipe Effluent 13,335.5 37.45 2.0 13,335.5 48.04 100 

Central 
Byron  

Upstream (50m) 80.4 ± 1.4 0.86 ± 0.01  3.0 ± 0.4 53.4 ± 0.4 1.43 ± 0.01  10,280 ± 1,308  

Downstream (40m) 97.2 ± 0.9 1.07 ± 0.00  6.7 ± 0.8 64.4 ± 0.6 1.69 ± 0.02  9,660 ± 2,734  

  P-Value **0.009  **0.009  **0.009 **<0.009  **0.008 0.917 

South Byron  

Upstream (13m) 50.9 ±0.3 1.19 ± 0.01 2.7 ± 0.3 15.7 ± 0.7 1.81 ± 0.02 1,450 ± 263 

Downstream (12m 58.3 ±0.7) 1.17 ± 0.02 2.0 ± 0.3  16.1 ± 0.2 1.67 ± 0.01 2,350 ± 384 

  P-Value *0.029 0.686 0.114 0.343 *0.029 0.114 

North Byron  

Upstream (16m) 16.6 ± 0.2 2.32 ± 0.02 3.8 ± 0.1 7.0 ± 0.2  2.51 ± 0.03 525 ± 63 

Downstream (15m) 16.5 ± 0.5 2.23 ± 0.02 2.0 ± 0.3 7.0 ± 0.2 2.42 ± 0.02 1,125 ± 309 

  P-Value 0.886 *0.029 *0.029 0.686 0.114 0.343 
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Table 15.  Total phosphorus load allocation by land use or activity for the Black Creek watershed at Middle BC as derived 
from SWAT predictions for the period 1 June 2010 to 31 May 2011. 

 

Landuse / Activity Current Load         
(kg TP/yr) 

Percent of Total 
(%) 

Method of 
Determination 

Agricultural Crops 3,874 24.3 Subtraction 

Tile Drainage 877 5.5 Subtraction 

Farm Animals (CAFO only) 2,800 17.5 Subtraction 

Stream bank Erosion 1,047 6.6 Subtraction 

Wetlands 844 5.3 HRU Table 

Quarry 0 0.0 Subtraction 

Groundwater 2,349 14.7 HRU Table 

Forest 4 0.0 HRU Table 

Urban Runoff 1,134 7.1 Subtraction 

Wastewater Treatment 2,797 17.5 Subtraction 

Septic Systems 231 1.4 Subtraction 

      

Sum of Allocated Loads 15,957 100.0   

Total Predicted Load (from SWAT) 15,136    

Allocation Error 821    
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Table 16.  The effectiveness of implementing various Best Management Practices (BMPs) in reducing total annual phosphorus (TP) 
and total suspended solids (TSS) load. BC= Black Creek. Values represent percent reduction determined  via the BCSWAT model. * 
designates the reduction in fertilizer applied to crops excluding manure produced from CAFOs which was considered a separate 
entity.  

 Bigelow  Upper BC Spring Middle BC Lower BC 

Category Subcategory Best Management Plan TP TSS TP TSS TP TSS TP TSS TP TSS 

Forest Forest Natural Watershed 70 91 63 95 60 100 70 97 69 99 

Agriculture Cropland Buffer Strips 24 43 18 62 22 -20 15 50 17 35 

    Conservation Tillage 18 7 21 25 14 32 25 58 27 39 

    Grassed Waterways 19 5 28 21 43 65 26 63 28 50 

    Contouring 19 24 6 25 3 -9 1 18 2 19 

    Terracing 24 29 11 44 0 -26 5 28 6 28 

    Strip Cropping 18 22 4 14 0 4 1 1 0 5 

    Retire Ag. Land to Forest 39 27 41 24 46 81 36 68 37 59 

    Cover Crops (Rye) 4 2 10 10 12 0 6 17 5 14 

    *Nutrient Management 25% 3 0 6 0 6 -7 9 1 11 0 

    *Nutrient Management 50% 6 0 10 0 9 -7 13 1 16 0 

    *Nutrient Management 75% 9 0 11 0 16 -7 18 1 21 0 

    *Nutrient Management 100% 11 0 11 0 21 2 20 0 23 0 

  Farm Animals Alternative Manure Operations (CAFO) 0 0 17 0 26 20 19 18 21 0 

Wastewater WWTP Remove Bergen WWTP 0 0 0 0 0 0 19 27 16 0 

    Upgrade Bergen WWTP -Tertiary 0 0 0 0 0 0 18 0 16 0 

  SPDES Remove all Point Sources 0 1 0 2 0 0 18 27 16 0 

  Septic  Remove all septic systems 0 0 2 4 1 0 1 0 1 1 

Stream banks Stabilization Basin wide stabilization 0 25 5 20 7 84 7 55 5 84 

    Stabilize highly eroded areas 0 0 0 0 0 0 0 0 2 71 

Remediation Tributary Spring Creek 0 0 0 0 49 16 7 4 6 1 

    Bigelow Creek 24 21 5 4 0 0 1 2 1 1 

    Both Spring and Bigelow 24 21 5 4 49 16 9 6 7 2 

  Watershed Management Scenario 1 24 21 13 10 49 16 40 11 27 73 

    Management Scenario 2 36 21 42 10 49 86 55 75 56 86 
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Table 17.  (A) Measured and simulated annual average concentration of total phosphorus (TP) and total suspended solids (TSS) at all 
routine Black Creek (BC) monitoring sites implementing current land-use patterns (June 2010 through May 2011), a completely 
natural (forested+wetlands) Black Creek watershed, and from management scenario 1 and 2 to achieve water quality targets of 65 
µg P/L and 45 µg P/L of the entire Black Creek watershed. T=tributary, M=main stem. (B) Management practices (X) simulated via 
BCSWAT and applied only to the Bigelow Creek and Spring Creek subwatersheds, and the entire Black Creek watershed.. 
 

 
 
 
 
 
 

 
 
 

 
 
 
 
 

  

A. 
 
 

Site 

BC Measured 
2010-2011 

BC Current BC Natural BC Mgmt. 1  BC Mgmt. 2  

2010-2011 2010-2011 Target 65-µg P/L Target 45-µg P/L  

TP   
(µg P/L) 

TSS 
(mg/L) 

TP   
(µg P/L) 

TSS 
(mg/L) 

TP   
(µg P/L) 

TSS 
(mg/L) 

TP   
(µg P/L) TSS (mg/L) 

TP   
(µg P/L)  TSS (mg/L) 

Bigelow (T)  115 19.8 110.5 33.8 45.6 4.2 85.6 27.2 71.7 27.2 

Upper BC (M) 118 19.5 99.9 19.1 50.1 1.3 88.6 17.5 62.8 18.7 

Spring (T) 96 17.9 103.4 25.7 52.3 0.1 55.3 7.7 55.1 7.2 

Middle BC (M) 70 10.9 90.4 13.6 41.3 0.6 64.1 12.4 43.1 3.6 

Lower BC (M) 68 11.9 79.6 30.6 36.2 0.5 60.3 8.7 38.3 4.7 

B.  Bigelow Creek Spring Creek Black Creek Watershed Black Creek Watershed 

Management Operation   
Management Scenario 1:  

65-µg P/L Target 
Management Scenario 2:  

45-µg P/L Target 

Buffer Strips X X X (basin wide) X (basin wide) 

Conservation Tillage X X   X(basin wide) 

Grassed Waterways X X   X(basin wide) 

Terracing X       

50% Nutrient Management X X     

Alternative Manure 
Operations 

  X X(basin wide) X(basin wide) 

Upgrade Bergen WWTP     X   

Re-routing Bergen WWTP       X(basin wide) 

All Septic to Sewer Districts   X   X(basin wide) 

Stream bank Stabilization       X(basin wide) 

Stabilize Highly Erodible Areas     X(basin wide)   

Tributary Remediation     X (Spring and Bigelow) X (Spring and Bigelow) 
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Table  18.  Annual and areal tributary total phosphorus (TP) loading to Lake Ontario from New York watersheds of differing dominant 
land uses.  Adapted from Makarewicz et al. (2012), Pettenski et al. (2013), Winslow et al. (2013), Rea et al. (2013). 

 
 

 
 

 

 
 
 
 
 
  

Tributary Dominant Landuse 
TP Load 

(Mton/yr) Area (ha) 
Areal Load (kg 

P/ha/yr) 

Oak Orchard Agriculture 38.29 36,989 1.04 
Golden Hill Creek Agriculture 5.28 5,973 0.88 
Wolcott Creek Agriculture 6.04 4,416 1.37 
Johnson Creek Agriculture/Suburban 13.87 25,530 0.54 
Salmon River Agriculture/Forested 14.0 61,642 0.23 
Irondequoit Creek Sewage Treatment 23.0 43,771 0.53 
Northrup Creek Urban 4.50 1,863 2.42 
Buttonwood Creek Suburban 1.31 2,308 0.57 
Larkin Creek Suburban 0.80 3,132 0.26 
First Creek Forested 0.08 800 0.10 
Clark Creek Forested 0.03 155 0.21 
Bobolink Creek Forested 0.00 278 0.01 
Black Creek Watershed  
(at Churchville) 

    
       Bigelow Creek Agriculture (82%) 2.93 2,616 1.12 
       Upper Black Creek Agriculture (82%) 6.93 11,784 0.59 
       Spring Creek Agriculture (96%) 4.3 5,542 0.78 
       Middle Black Creek Agriculture (76%) 13.8 22,262 0.30 
       Lower Black Creek Agriculture (63%) 16.5 15,021 0.18 
Honeoye Creek Agriculture (43%)/Forest(39%) 

 
14.7 69,478 0.21 

Upper Genesee River Agriculture (37%)/Forest(57%) 230.0 254,842 0.90 
Canaseraga Creek Agriculture (49.8%)/Forest (44.4%) 58.9 89,240 0.66 
Oatka Creek Agriculture (69.5%)/Forest (20.4%) 15.0 55,590 0.58 
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Table 19.  Summary table presenting the field-observed average annual daily discharge (m³/d), mean annual concentration and total 
loading (kg/yr) of total phosphorus (TP), soluble reactive phosphorus (SRP), total nitrogen (TN), nitrate, total suspended solids (TSS), 
and abundance of total coliform (TC) bacteria (CFU/yr) at five routine monitoring sites (Bigelow Creek, Upper BC, Spring Creek, 
Middle BC, and Lower BC) during events and nonevents (June 2010-May 2011). The proportion of the total loading during events 
versus nonevents is also given.  BC= Black Creek, T=Tributary, M=Main stem. 

 

Site Bigelow (T) Upper (M) Spring (T) Middle (M) Lower (M) 

Condition Event Nonevent Event Nonevent Event Nonevent Event Nonevent Event Nonevent 

Discharge (m
3
/d) 90,418 30,860 234,168 80,817 146,626 50,218 899,873 245,521 870,325 354,508 

Mean TP (µg P/L) 200.4 60.2 198.5 69.0 175.3 47.4 94.6 54.9 81.9 59.9 

Mean SRP (µg P/L) 81.6 27.7 90.0 41.1 90.0 41.1 37.6 21.0 34.2 26.6 

Mean TN (mg N/L) 2.12 0.97 3.18 1.97 3.18 1.97 2.24 1.89 1.72 1.46 

Mean NO3 (mg N/L) 1.13 0.49 2.01 1.46 2.01 1.46 1.46 1.25 1.17 0.98 

Mean TSS (mg/L) 41.2 5.7 37.9 6.3 37.9 6.3 17.4 6.8 15.3 10.0 

Mean TC (CFU/100 mL) 15,246 4,513 16,016 4,483 16,016 4,483 8,907 5,062 7,665 4,650 

Total TP Load  2,071 855 4,630 2,301 2,928 1,390 8,848 4,942 10,093 6,376 

Percent of TP Load 70.8% 29.2% 66.8% 33.2% 67.8% 32.3% 62.4% 35.8% 61.2% 38.8% 

Total SRP Load 752 293 1,812 957 960 555 4,129 2,134 2,853 2,719 

Percent of SRP Load 72.0% 28.0% 65.4% 34.6% 63.4% 36.6% 65.9% 34.1% 51.2% 48.8% 

Total TN Load 17,546 14,445 62,321 65,776 45,449 50,581 181,507 188,036 152,634 196,809 

Percent of TN Load 54.8% 45.2% 48.7% 51.3% 47.3% 52.7% 49.1% 50.9% 43.7% 56.3% 

Total NO3 Load 9,916 8,446 40,409 49,712 33,881 39,363 133,959 136,452 108,932 144,513 

Percent of NO3 Load 54.0% 46.0% 44.8% 55.2% 46.3% 53.7% 49.5% 50.5% 43.0% 57.0% 

Total TSS Load 446,124 151,708 942,765 384,603 692,000 263,285 1,444,245 794,837 7,099,703 1,260,862 

Percent of TSS Load 74.6% 25.4% 71.0% 29.0% 72.4% 27.6% 64.5% 35.5% 85.0% 15.0% 

Total TC Load 8.7E+14 2.7E+14 2.6E+15 9.5E+14 2.7E+15 1.2E+15 3.7E+15 3.0E+15 4.0E+15 2.9E+15 

Percent of TC Load 70.2% 29.8% 73.2% 26.8% 68.7% 31.3% 55.2% 44.8% 58.0% 42.0% 
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BC4_BSN Rate Constant for Hydrolysis of Organic N to NH4 0.2 

Watershed Water Quality Parameters (.wwq) 

AI0 Ratio of Chl-a to Algal Biomass 50 

AI1 Fraction of Algal Biomass that is Nitrogen 0.08 

AI2 Fraction of Algal Biomass that is Phosphorus 0.015 

AI3 Rate of Oxygen Production for Algal Photosynthesis 1.6 

AI4 Rate of Oxygen Uptake Per for Algal Respiration 2 

AI5 Rate of Oxygen Uptake of NH3-N Oxidation 3.5 

AI6 Rate of Oxygen Uptake Per Unit of NO2-N 1.07 

MUMAX Maximum Specific Algal Growth Rate at 20C 2 

RHOQ Algal Respiration Rate at 20C 0.3 

TFACT Fraction of Solar Radiation in Temp. Heat Balance 0.3 

K_L Half-saturation Coefficient for Light 0.75 

K_N Michaelis-Menton Half-saturation Constant for N 0.02 

K_P Michaelis-Menton Half-saturation Constant for P 0.025 

LAMBDA0 Non-algal Portion of the Light Extinction Coefficient 1 

LAMBDA1 Linear Algal Self-shading Coefficient 0.03 

LAMBDA2 Non-linear Algal Self-shading Coefficient 0.054 

P_N Algal Preference Factor for Ammonia 0.5 

CHLASUBCO Regional Adjustment on Sub Chl-a Loading 1 


