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Introduction 

• Purpose of Study:  To develop 
recommendations for solving the 
severe algae blooms that have 
occurred in recent years based on a 
limited amount of additional study. 

• Existing Data Review:  Reviewed 
Umass-Dartmouth study and WQ 
data collected by DPA.  Used existing 
land use and LIDAR maps for our 
analysis. 
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Watershed and Land Use 

Watershed Facts:   

• 632 acres with 103 acres of 
pond area. 

• ~6:1 ratio is very good 

• This means nutrient control 
can be achieved reasonably 
well  

• It also means that the Enemy 
is Us! 



Phosphorus Budget 
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Hydrologic Modeling for Devol Pond 



Hydrologic Loading 

Source (cfs) (m3/yr) (%)

Direct Precipitation w/ Evapotranspiration 0.35 312,550          18.0

Ground Water Inseepage 0.61 540,265          31.0

Surface Water 0.99 887,642          51.0

    Dry Weather* 0.10 89,300            5.1

    Wet Weather* 0.89 798,342          45.9

Total Annual 1.95 1,740,457       100.0

*Subset of surface water total

Devol Pond Statistics:

Volume 26,955,682  cu. ft

Mean Depth 6.0  ft

Detention Time 160.1  days (0.44 yrs)

Flushing Rate 2.3  times/year

Response Time 284-473  days

Load



Nutrient Modeling for Devol Pond 



Nutrient Modeling for Devol Pond 



Modeled Phosphorus Loading 

Nutrient loads for Devol Pond.

Variable Total Phosphorus

In-lake concentration (mg/l) 0.035

Min. load g/m2/yr 0.28

In-lake Predictive Models

   Kirchner-Dillon (P) g/m2/yr 0.75

   Vollenweider (P) g/m2/yr 0.30

   Reckhow (general P) g/m2/yr 1.15

   Larsen and Mercier (P) g/m2/yr 0.47

   Jones and Bachman (P) g/m2/yr 0.43

Average all phosphorus models g/m2/yr 0.62

Average all phosphorus models kg/yr 258.0

Vollenweider's permissible

   load g/m2/yr 0.2

   load kg/yr 83

   load mg/L 0.05

Vollenweider's critical

   load g/m2/yr 0.4

   load kg/yr 166

   load mg/L 0.10

Key! 



Relationship Between Phosphorus and Water Clarity 
 

Total Phosphorus (mg/L) 

Phosphorus Loading at Devol Pond (kg/yr) 



Phos Load by Source 

Annual phosphorus loads (kg/yr) for Devol Pond listed by source

 as derived from in-field measurements, regional data, and hydrologic modeling.

Source Phosphorus Loads

(kg/yr) (%)

Direct Precipitation* 6.30 2.4%

Ground Water Inseepage* 16.6 6.4%

Surface Water  

   Dry Weather 66.0 25.6%

   Wet Weather 72.0 27.9%

Internal Release (from lake sediments)* 97.1 37.6%

Total Annual 258.0 100.0%

* Modeled not measured

 



Measuring Phosphorus Release from Sediment 

Assessment Needs:   

a) Area that goes anoxic 

b) Length of anoxic condition 

c) Phos release rate during anoxia  

d) Alum dose needed – “jar 
testing” 
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Measuring Groundwater Quantity and Quality 

Groundwater seepage 

Seepage Meter 

Bung 

Bag 

Sediment 

Pond 



Options and Recommendations 
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Watershed Actions/BMPs - Education 

The Enemy is Us:   

a) Most residential areas 
in watershed are over 
fertilized 

b) Pasture lands need to 
have larger buffers 
between streams and 
shorelines 

c) Street vacuum more 
frequently 

d) Grade dirt roads to 
direct flow to wooded 
areas rather than 
streams or pond 



Structural BMPs 

• Stopping source always 
best option 

• Swales and Check-dams: 
Encourage infiltration and 
plant uptake 
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Residential Rain Gardens 
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Dredging 

• Removal of sediment from the 
bottom of a lake, pond, or river 

• Typically, only the overlying, 
unconsolidated soft sediments 
are removed, but deeper 
dredging can be done too. 

• Dredging is most often used to 
increase depth for navigation; 
however, it can be used as a 
lake management technique to 
control aquatic invasive species 
and algae blooms 

• Invasive plant populations are 
reduced through the removal of 
the nutrient-rich, unconsolidated 
sediment layer 

 

Not Ideal:   
a) High initial cost 

b) May not last long-term  
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Sediment Inversion/Lake Aeration/Circulation 

sand 
muck 

Not Ideal:   
a) High initial cost 

b) Unproven results 

c) Annual expense for 
maintenance and 
energy 

d) Navigation issue 

http://www.google.com/url?sa=i&rct=j&q=lake+aeration&source=images&cd=&cad=rja&docid=s6CtYM6Lb4m-wM&tbnid=290fsv1HjAS0LM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.kascomarine.com%2Fproducts%2Frobust_aire_diffusers.html&ei=g0iWUcnWK8qx0QGMzoHICw&bvm=bv.46471029,d.dmQ&psig=AFQjCNHttQVAGNIFmtIim-jZIxxyHQoiTQ&ust=1368889818496235
http://www.google.com/url?sa=i&rct=j&q=lake+circulation+systems&source=images&cd=&cad=rja&docid=45Qsehm1sJVnzM&tbnid=d3A64tXszj9XQM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.landandwater.com%2Ffeatures%2Fvol48no6%2Fvol48no6_2.html&ei=EEeWUbrwFqXM0gHx4oHoBw&bvm=bv.46471029,d.dmQ&psig=AFQjCNGVGl_7vdoBkTBCYDI2OSVjEPveZQ&ust=1368889473315007
http://www.google.com/url?sa=i&rct=j&q=rejected+stamp&source=images&cd=&cad=rja&docid=Yon32XHVRe6gaM&tbnid=K6jEtWpKeKr8_M:&ved=0CAUQjRw&url=http%3A%2F%2Fdhicksonline.com%2Fmy-journey%2Frejection-2%2F&ei=clGWUeviL-zJ0AHcpIC4Dg&bvm=bv.46471029,bs.1,d.dmQ&psig=AFQjCNHB5ki-GwpXw9Uc34dm2pRsTXr7zA&ust=1368892103329864
http://www.google.com/url?sa=i&rct=j&q=copper+sulfate+algae+control&source=images&cd=&cad=rja&docid=YIAJUhSsWTYlSM&tbnid=YoQbWGLidNhu5M:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.esemag.com%2Farchive%2F0305%2Falgae.html&ei=eVOWUdesCuqN0QHe6oDoCA&bvm=bv.46471029,bs.1,d.dmQ&psig=AFQjCNGbOUB44X6wrs46gwNmqxjauyHw8w&ust=1368892638019790


Algaecides 

Algaecides:   

a) Proven and quick  

b) Very economical and generally easy to permit 

c) Copper or alum are options, Alum better 

d) Does not address underlying problems 

e) Potential for long-term negative ecological impacts 

f) Recommended as a short-term solution only 

g) $12,000/yr for 1ppm alum 

h) $5,000/yr copper 

i) $4,000 one-time permitting 
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Nutrient Inactivation - Alum 

http://www.google.com/url?sa=i&rct=j&q=recommended+stamp&source=images&cd=&cad=rja&docid=l5WSxPtBXomhmM&tbnid=hCp8VZ5A-R6eIM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.c9creviews.com%2Freview%2Fbook%2Fon-target-by-mark-greaney&ei=V1CWUdLZKKj00QHo7YHwBg&bvm=bv.46471029,bs.1,d.dmQ&psig=AFQjCNHqCe8O0cLFkKtZETHEaoCPsb93tw&ust=1368891831890502


Monitoring Needs 

Proposed Long-Term Monitoring Program for Devol Pond.   
 
Parameter  Utility  Proposed Locations    Proposed Frequency  
Secchi transparency Water clarity In-lake    2/yr, June, August 
Total phosphorus Fertility In-lake (Surface) and tribs.  2/yr, June, August 
Total nitrogen Fertility In-lake (Surface) and tribs.  2/yr, June, August 
Temperature Fish health In-lake (Surface)   2/yr, June, August 
Dissolved Oxygen Fish health In-lake (Surface)   2/yr, June, August 
pH Fish health In-lake (Surface)   2/yr, June, August 
Conductivity Dissolved solids In-lake (Surface)   2/yr, June, August 
Turbidity Suspended solids In-lake (Surface) and tribs.  2/yr, June, August 
Plant density/distrib. Plant nuisances In-lake    Annually, August 

Cost of Annual Program: $2,500 or do with volunteers for $1,000 

Each year conduct basic assessment to track trends, adjust management. 
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Summary 

• Our Study Findings:   

a) Phosphorus (the limiting nutrient) is off-the-charts high.  

b) Significant amount of P likely emanating from sediment 

c) Additional loading from watershed, although only a few 
direct surface water discharges to manage. 

• Modeling Results:  

a) The pond is receiving 258 kg/yr P and needs to be well 
below 166 kg/yr to see marked improvement in WQ. 

b) 97 kg/yr is likely due to internal sediment releases although 
additional study is warranted to quantify accurately. 



Recommendations 

Watershed Actions 

a) Reduce watershed loads through education of residents on 
fertilizer use – newsletter, brochures, workshops, etc. 

b) Maintain or enhance buffers to streams in agricultural areas 

c) Design and install rain gardens in residential areas 

Short-term In-Pond 
a) Consider low-dose alum annually in early June – 1ppm 

b) Alternatively, cheaper copper treatments when blooms begin 

Long-term In-Pond 
a) Consider nutrient inactivation through high-dose alum treatment 

to reduce source of internal phosphorus load 
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