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Wehr, and others, 2015, Freshwater Algae of North America, Chapter 20, figure 2



Nutrients

• Nitrogen, needed for plant growth and production

– Major component of chlorophyll, and 

– Amino acids, the building blocks of proteins

• Phosphorus, plays a critical role in cell development

– Key component of molecules that store energy (ATP),

– DNA, and

– Lipids (fats and oils)

This information is preliminary and is subject to revision.



Commonly known……

This information is preliminary and is subject to revision.



More recently……

Constructed – 1928

Provides 50% of the freshwater to the Chesapeake Bay.

Traps ~ 3.5 million pounds of P and 4 billion pounds

of sediment, per year.

Storage capacity has reached equilibrium.
Source: https://www.chesapeakebay.net/news/blog/who_is_responsible

_for_the_conowingo_dam (4/9/2018)

This information is preliminary and is subject to revision.



Reservoir aging

This information is preliminary and is subject to revision.



Reservoir Fisheries
Management (1986)
brought us, Limnological and 
Ecological Changes Associated 
with Reservoir Aging

Source: https://fisheries.org/bookstore/all-titles/afs-unit-publications/x53012xm/

This information is preliminary and is subject to revision.



Internal P

External P

Total P

Source: https://fisheries.org/bookstore/all-titles/afs-unit-publications/x53012xm/

This information is preliminary and is subject to revision.



Internal P

External P

Total P

Phytoplankton
(cyanobacteria)

This information is preliminary and is subject to revision.



This information is preliminary and is subject to revision.



Main algae 

groups as a 

fraction of total 

biomass

Brettum P., and Anderson, T. 2005. 

The use of phytoplankton as 

indicators of water quality. Norwegian 

Inst. for Water Research. 33 pp. 

This information is preliminary and is subject to revision.



Annual Cycles

Water Temperature

ChlorophyllPO4-P

Dissolved Oxygen

This information is preliminary and is subject to revision.



Preliminary results, subject to revision.

Total Phosphorus

This information is preliminary and is subject to revision.



Preliminary results, subject to revision.

Chlorophyll

This information is preliminary and is subject to revision.



Relationship of nutrient discharges to economic impacts 

associated with water quality in lakes and flowing waters.

https://www.epa.gov/nutrient-policy-data/compilation-cost-data-associated-impacts-and-control-nutrient-pollution

This information is preliminary and is subject to revision.
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This information is preliminary and is subject to revision.



Example of the costs of nutrient pollution and eutrophication

https://www.epa.gov/nutrient-policy-data/compilation-cost-data-associated-impacts-and-control-nutrient-pollution

This information is preliminary and is subject to revision.



So, how do we control nutrients in our 

reservoirs? 

• Watershed remediation (pg. 66*)

• Constructed wetlands (pg. 67)

• Pre-dams (pg. 70)

• In lake remediation (pg. 71)

– Guide curve revision (pg. 72)

– Inflow routing (pg. 72)

– Dilution (pg. 72)

– Flushing (pg. 72)

– Selective withdrawal (pg. 72)

– Hypolimnetic aeration and 

oxygen (pg. 74)

– Sediment removal (pg. 74)

– Sediment drying (pg. 75)

– Phosphorus precipitation and 

inactivation (pg. 75)

• Biomanipulation (pg. 79)

– Fish populations (pg. 79)

– Fish harvesting  (pg. 80)

– Macrophytes (pg. 81)

– Floating wetland islands (pg. 81)

* Page numbers are for Miranda’s BMP manual.

This information is preliminary and is subject to revision.



Mitigation Costs Associated with Excess Phosphorus in Lakes 

https://www.epa.gov/nutrient-policy-data/compilation-cost-data-associated-impacts-and-control-nutrient-pollution

This information is preliminary and is subject to revision.
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Mitigation Costs Associated with Excess Phosphorus in Lakes 
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Summary of Costs to Administer Nutrient Trading and Offset Programs 

https://www.epa.gov/nutrient-policy-data/compilation-cost-data-associated-impacts-and-control-nutrient-pollution

This information is preliminary and is subject to revision.



Summary of Costs to Administer Nutrient Trading and Offset Programs 

https://www.epa.gov/nutrient-policy-data/compilation-cost-data-associated-impacts-and-control-nutrient-pollution

This information is preliminary and is subject to revision.



Basin 

Permanence

Inflow
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Chlorophyll

This information is preliminary and is subject to revision.



Case Study, Aroura Reservoir

Mark Mobley, Paul Gantzer, Pam Benskin, Imad Hannoun, Susan McMahon, David 

Austin & Roger Scharf (2019) Hypolimnetic oxygenation of water supply reservoirs 

using bubble plume diffusers, Lake and Reservoir Management, 35:3, 247-265

This information is preliminary and is subject to revision.



Total Phosphorus

This information is preliminary and is subject to revision.



Manganese

This information is preliminary and is subject to revision.



Canyon Lake, CA

Alum Treatment

Source: Terry McNabb, NALMS Certified Lake Manager

Alum treatments twice a year since 2013

This information is preliminary and is subject to revision.



Outcome:
• Strips phosphorus out of the water column.

• Reduces internal phosphorus loading.

• Effectively treats external loads, as well.

• Met their TMDL phosphorus target three years early.

https://www.youtube.com/watch?v=D0iUtk

TVGnc
This information is preliminary and is subject to revision.

https://www.youtube.com/watch?v=D0iUtkTVGnc


This information is preliminary and is subject to revision.



NALMS Position Statements
https://www.nalms.org/nalms-position-papers/

• Source Water Protection

• Use of Alum

• Climate Change

• Herbicides 

• Watercraft Safety

• Invasive Species 

• Harmful Algal Toxins

• Clean Water Act

This information is preliminary and is subject to revision.


