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Potomac River Estuary
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Problems Unique to Potomac

* Blooms of blue-green
algae

e Elevated pH

e P limitation in tidal
fresh portion




Shipping Point, Potomac River
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Original Study Objectives

» Refine algal groups in
Potomac portion of the
Chesapeake Bay
Water Quality Model

e Calibrate the revised
Potomac model




ODbjectives of ongoing work ...

o Use calibrated, integrated model to investigate
algal responses to different loading scenarios

— 1985 Loads
— TMDL Loads

e Scoping for potential application of integrated
model to hindcast the 1983 algal bloom

— Hydrometeorology
— Alkalinity loads



Model Spatial Grid



Water Quality and Sediment

Transport Model (WQSTM)
(57,000 cell grid)

ESRI

© 2007 i-cubed



Potomac Portion of WQSTM
(13,000 cell grid)
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Monitoring Stations for

Potomac River and Estuary




Considerations for Revised Algal Model

Nutrient requirements

Salinity tolerance

Temperature requirements

Susceptibility to grazing

Water quality management issues
— Microcystis blooms

Model complexity
— Difficult to model more than five groups

Mass balance
— Want to capture > 95% of algal biomass



Phytoplankton Groups

How to lump?

How to split?



Percent Composition as Organic Carbon
Tidal Fresh (1994-2000)
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Percent Composition as Organic Carbon
Lower Estuary (1994-2000)
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Five Algal Groups In Revised Model

e Tidal Freshwater Diatoms
* Greens Tidal Fresh
e Blue-Greens

Dominant in

e Lower Estuary Diatoms Dominant in
e Dinoflagellates

Lower Estuary




Algol Production versus Irrodionce Curve Relaotion of Algol Production to Temperoture

BG = Diaters LE Greens = = = Digtars TF = - BG = Diaturs LE Greens === DElos TF = Dnolageliaes

a 5 10 15 20 = 30 35 40

Water Tempershure [deg. C)

PHig c/gchi/d)

Light, temperature and salinity

responses are principal drivers
for algal differences

Algal Growth versus Irradiance Algal Salinity Toxidty Relationship

BG = Diatouns LE Greens = = = Digtoms TF = =




Selected Calibration Results

Tidal Fresh Potomac
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Diatom Biomass
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Blue-Green

Biomass
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Seasonal Succession Pattern

Total Blue Greens
- === Diatoms (Tidal Fresh)
= === Diatoms (Lower Estuary)
Dinoflagellates
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SEASONAL SUCCESSION OF
PHYTOPLANKTON POPULATIONS
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Algal Responses to
Changes In Loads

Tidal Fresh Potomac



Approach

o All simulations use 1994-2000 hydrology

 Three loading scenarios
— Base calibration (1994-2000)

— 1985 Loads
¢ 1985 land uses
¢ 1985 point sources

— TMDL Loads
« Compare results for:

— Tidal fresh portion (Station TF2.3)
— Average water year (1994)



Potomac Scenario Loads

Total N Load Total P Load
Scenario (million lbs/yr) | (million lbs/yr)

1991-2000 Scenario Loads, Appendix J,
Chesapeake Bay TMDL Report



Total biomass responds to loads ...
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Diatom response Is muted ...
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Blue-green response is much larger ...
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Conclusions

e The feasiblility of a regional-scale application of an
Independent model extracted from the larger Chesapeake
Bay Model was demonstrated

* The feasibility of an integrated model for that represents
pH, alkalinity, TIC and multiple algal functional groups was
demonstrated

* Nuisance blue-green algae in the tidal fresh Potomac
appear more responsive to changes in nutrient loads than
more desirable algal groups



Next Steps with Integrated Model?

e Use to develop pH TMDL for DC waters

o Support the load allocation process for the
nutrient TMDL

e Use as diagnostic tool to investigate the 1983
algal bloom

— Does model reproduce the large blue-green bloom?

—|s pH-dependent sediment phosphorus release
Important?
— How important is alkalinity?
¢ Fall line
¢ Blue Plains



It IS not just about nutrients ...

e Algal Encouragement
Index (AEI)

lesms © EYALUATION OF NITROGEN REMOVAL EUTROPHICATION

RISK FOR THE FRESHWATER POTOMAC ESTUARY

* Flow, percent sunshine,
wind speed

« AEIl Iin 1983 was 100-year
high




Freshwater Potomac Estuary
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Then there Is alkalinity ...

TECHWICAL MEMODRAMDUM

ALKALINITY IN THE POTOMALC

e Specific hydrologic
conditions in 1983 caused
very low alkalinity in the

tidal fresh Potomac

Office of Environmental Programs

MD Department of Health and Mental Hygiene

e Fall line alkalinity load In
e e 1983 dominated the Blue
Metropolitan 'Fu'a:;'l.ing'.-:n Council of Governmants Plal nS Ioad

Department of Environmental Programs

April 1, 1987




How to Hindcast 1983 Conditions?

 Model actual 1983 hydrodynamics
e Get the sunlight and temperature right

e Get the nutrient loads right
— Watershed Model (nonpoint sources)
— Point sources
— Atmospheric sources

e Get the alkalinity loads right
—Fall line
—Blue Plains
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