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History of the Cannonsville Reservoir

• 1994: NYS DEC identified Cannonsville & West Branch Delaware 

River as priority water bodies in need of Total Maximum 

Daily Load (TMDL) for total phosphorus (TP)

❖Phosphorus reduction efforts were successful!

• 2002: Cannonsville Reservoir was removed from the restricted 
list

• 2004: West Branch Delaware River was removed from the NYS 
303(d) impaired list

• 2019: Records of elevated median annual TP concentration in 
West Branch Del River and Cannonsville Reservoir to 
near-eutrophic levels



Science-Based Data Collection 

• It is hypothesized that severe streambank erosion is contributing 
substantially to the overall nutrient load of the Cannonsville 
Reservoir between 2009-2019.

• Three approaches were used to estimate sediment load volumes 
and nutrient load masses for streambank erosion at two case 
study sites;

1. Analysis of the eroded land volume

2. Soil nutrient concentrations and physical properties 

3. Estimate nutrient load masses that are introduced into the West 
Branch Delaware River.



Why Estimate Nutrient & Sediment Loads

• Prioritize projects by 
nutrient load

• General water quality 
concerns

• Reservoir nutrient 
loading

• Chesapeake Bay 
nutrient loading

• Grant funding



How to Estimate Nutrient & Sediment 
Loads

• Steps:
1. Measure eroded soil 

volume

2. Measure physical soil 
properties and soil 
nutrient concentrations

3. Estimate total 
phosphorous (TP) and 
total nitrogen (TN) mass 
loaded



Alternate Method

• Prediction of Annual Streambank 
Erosion Rates
• Relationship of Bank Erosion Hazard 

Index (BEHI) and Near-Bank Stress 
(NBS) to predict annual streambank 
erosion rates 

• Data from streams found in 
sedimentary and/or metamorphic 
geology





Bank Erosion Hazard Index



Bank Height at Bankfull vs Bank Height



Measurements Used

• Volume:
square area * bank height = cubic volume

 m2 * m = m3

• Mass:
cubic volume * bulk density = mass

m3
soil * g/cm3 * (100 cm/ m) 3 * ( kg / 1000 g)= kgsoil

• Mass of fine-earth fraction:
mass * fine-earth fraction = mass of fine-earth fraction

• Exclude rocks from nutrient estimates

• Use fine-earth fraction, or the fraction of particles <2mm in size (sand 
and smaller)



Nutrient Concentrations

• Soil Samples
• Break into manageable segments by soil type 

and land cover

• Segments sampled every 50 feet and made into 
composite

• Analysis by environmental lab

• Results returned in mg/kg (ppm)
• Phosphorus Mass:

Soil mass * TP concentration = TP mass
kgsoil *(mgTP / kgsoil) * (1 kg / 1,000,000 mg) = kgTP

• Nitrogen Mass:

Soil mass * TN concentration = TN mass
kgsoil *(mgTN / kgsoil) * (1 kg / 1,000,000 mg) = kgTN





Assumptions

• Constant floodplain elevation

• Constant streambed elevation

• Soil sample is an accurate representation





Case Studies

• Town of Hamden, NY

1. Birdsong Farm

2. River Haven Farm



Birdsong Farm
1995 Aerial



Birdsong Farm
2015 Aerial



Birdsong Farm
2015 Aerial with 1995 Stream Alignment









Birdsong 

Farm
2009 Aerial

2.23 acres of Erosion 
from 2009-2019



Birdsong 

Farm
2016 Aerial

2.23 acres of Erosion 
from 2009-2019



Waterbody Pollutant Load Estimates

Location
Sediment

(tons/yr)

Phosphorus

(lb/yr)

Nitrogen

(lb/yr)

Birdsong Farm 1,900 1,300 8,200

2009-2019

Location
Sediment

(tons/yr)

Phosphorus

(lb/yr)

Nitrogen

(lb/yr)

Birdsong Farm 2,500 1,800 11,000

2019-2022



River Haven Farm
1995 Aerial



River Haven Farm
2015 Aerial



River Haven Farm
2015 Aerial with 1995 Stream Alignment









River 

Haven 

Farm
2009 Aerial

2.27 acres of 

Erosion from 

2009-2019



River 

Haven 

Farm
2016 Aerial

2.27 acres of 

Erosion from 

2009-2019



Waterbody Pollutant Load Estimates

Location
Sediment

(tons/yr)

Phosphorus

(lb/yr)

Nitrogen

(lb/yr)

River Haven Farm 1,800 700 2,600

2009-2019

Location
Sediment

(tons/yr)

Phosphorus

(lb/yr)

Nitrogen

(lb/yr)

River Haven Farm 2,400 800 2,800

2019-2022



Case Studies
Summary



Maximum Lateral Erosion Rates
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Date Discharge (cfs) RI

3/9/2009 6690 1.34

1/25/2010 9380 2.04

3/23/2010 9330 2.03

10/1/2010 19700 15.82

3/6/2011 11100 2.81

3/11/2011 12300 3.55

8/29/2011 16000 7.34

9/8/2011 18500 12.36

3/12/2013 6360 1.29

5/30/2013 6990 1.4

2/25/2016 6400 1.29

2/25/2017 6960 1.39

8/18/2018 6840 1.37

1/25/2019 7420 1.49

Flows (at WBDR Walton)



Waterbody Pollutant Load Totals

2019-2022

Location
Eroded soil mass 

(tons)

Eroded TP mass 

(tons)

Eroded TN mass 

(tons)

Birdsong Farm 7,600 2.7 16

River Haven Farm 7,100 1.2 4.3

Total 15,000 3.9 20

Location
Eroded soil mass 

(tons)

Eroded TP mass 

(tons)

Eroded TN mass 

(tons)

Birdsong Farm 19,000 6.7 41

River Haven Farm 18,000 3.5 13

Total 36,000 10 54

2009-2019



Summary

• Birdsong
• Percentage of total eroded length = 18%
• Percentage of total eroded area = 77%

• River Haven
• Percentage of total eroded length = 40%
• Percentage of total eroded area = 68%

• Cannonsville Reservoir has a 2000 TP TMDL
• Birdsong and River Haven account for 1.7% of the annual TP load
• 2.1% of the annual non-point load
• 353.5 mi2 watershed



River Haven and Birdsong 
Streambank Stabilization 

Projects

Preliminary Designs



River Haven Farm
Preliminary Design



Birdsong 

Farm
Preliminary Design



More Streambank 
Stabilization Project





Waterbody Pollutant Load Estimates

Location
Sediment

(tons/yr)

Phosphorus

(lb/yr)

Nitrogen

(lb/yr)

More Farm 1,900 390 730







Conclusion

• Prioritize Stream Projects Based on Nutrient Load

• Stop the excessive lateral migration to reduce direct nutrient 
loading

• Establish riparian buffers
• Reduces the nutrient loading

• Reduces nutrient transport



Questions
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