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DT:  September 15, 2014
TO:  City of Reno, Environmental Engineering Team, Public Works
	Attn: Lynell Garfield
FM:  Joseph Eilers, Prof. Hydrologist-WQ, Certified Lake Manager
RE:  Preliminary Assessment of Virginia Lake

This preliminary assessment of Virginia Lake is intended to provide City staff with an initial analysis of Virginia Lake based on examination of the lake, it's water quality and possible actions to improve water quality.  The final assessment will follow in spring 2015.

Lake Morphometry, Sediments & Hydrology

Virginia Lake is a shallow lake and apparently does not thermally stratify.  The lake was created with a clay liner and sampling of the sediment in August showed the presence of a small amount of organic floc overlying the clay.  Given the high productivity of the lake, it is surprising that the amount of organic sediment was not greater.  Apparently, the shallow, vertically well-mixed lake allows for rapid rates of decomposition.  This lack of a large legacy of sediment accumulation suggests that Virginia Lake has the capability to respond rapidly should the City be successful in reducing the nutrient loading to the lake.  The relatively close proximity of the primary inlet and outlet at the north end act to short-circuit flows and inhibit mixing in the southern portion of the lake.  

Water Quality

Water quality data collected thus far in 2014 show that the lake has extremely high concentrations of nutrients, especially phosphorus with concentrations approaching 1 mg/L measured in September.  These concentrations are many fold greater than what is required to produced eutrophic conditions.  The elevated concentrations of nutrients facilitate prolific growth rates of phytoplankton.  Because the phosphorus concentrations are so great that cyanobacteria (blue-green algae) will generally dominate the phytoplankton community.   Not only are concentrations of phosphorus extremely high, but the ratio of nitrogen to phosphorus is comparatively low, which again often favors growth of cyanobacteria. The dominant cyanobacterium present in August was Anabaena, a genus that can fix atmospheric nitrogen and achieve a competitive advantage over more benign groups of algae. Anabaena, along with many other genera of cyanobacteria, also are capable of producing hepatotoxins and neurotoxins.  Neurotoxins, such as anatoxin-a, can be lethal to dogs (and in extreme cases humans).  The productivity in Virginia Lake, as shown by the continuous monitoring from August 7-20, 2014, is extremely high resulting in pH values exceeding 10.5 and supersaturation of the waters with dissolved oxygen of over 200% and concentrations of dissolved oxygen over 20 mg/L.  These conditions can be lethal to trout and other taxa of fish.   
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Focus of Lake Restoration

Virginia Lake is profoundly eutrophic.  Efforts to improve water quality should focus on reducing loads of phosphorus from the watershed and other sources.  The lake has a relatively large watershed that is comprised primarily of urban land use.  Typical strategies for reducing nutrients associated with urban runoff include education programs that illustrate to the public the benefits of  reducing use of fertilizers for lawns and landscaping.  Engineering approaches, such as  creating catch basins to intercept and treat runoff before it reaches the lake, can be quite effective in trapping nutrients.  Catch basins need periodic maintenance to retain their effectiveness.

Virginia Lake has a large waterfowl population given the small lake area.  Waterfowl are notorious for adding nutrients to lakes through excretion products.  There is a large body of research that documents the role of waterfowl in lake eutrophication.  For example, the nutrient loading from a cormorant family unit over the course of a breeding season was found to be 619.6–1755.6 g N and 316.2–498.1 g P  (Hahn et al. 2007. Freshw. Biol. 52:2421-2433).   When multiplied by a large number of birds in a breeding colony, the loading can be substantial.  Of course the loading from other waterfowl, such as gulls and ducks, is also important to consider.  

Additionally, altering the lake outlet towards the southern end of the lake will help to promote better spatial mixing in the lake and likely increase the export of nutrients from the lake.  

As additional data are collected, we expect to improve our understanding of Virginia Lake and help to develop more quantitative approaches to lake restoration.  Meanwhile, a three-prong approach of reducing nutrient loading from storm runoff, reducing external/internal loading from waterfowl, and reconfiguring the outlet are all positive steps towards improving water quality in Virginia Lake. 
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