
Water quality impacts from tidal flooding in the  
lower Chesapeake Bay. 



Rationale 
• Nutrient loading allocations made for point and non-

point sources (e.g., runoff and atmospheric deposition) 
• These do not include coastal flooding which is 

increasingly common  

Figure 3. Predicted (blue) and observed (red) tides at Sewell’s Point, 
VA between Sept. 24 and 28, 2015 during a perigean spring tide with 
strong (up to 20 mph) northeasterly winds but little rainfall (upper 
panel) and from Sept. 30 to Oct. 4, 2015, during an extratropical 
frontal storm in which several inches of rain fell (lower panel) and 
followed by hurricane Joaquin.  HAT represents the highest 
astronomical tide, MHHW is mean high high water, MSL is mean sea 
level and MLLW is mean low, low water. Flooding was observed on 
all dates (see Fig. 7). 

Figure 2. Hours spent 1-ft above mean higher high water 
(MHHW) during June-Nov. as measured at the Sewell’s 
Point tide gauge in Norfolk, VA. 



Tidal flooding along the north U.S.  
east coast 

Union of Concerned Scientist 
Spanger-Siegfried et al., 2014 

the local forecast office of the National Weather 
Service in these areas has set thresholds for water levels that  
can cause tidal flooding. 



With Sea level rise, this will get 
worse 

Ezer and Atkinson, 2014 



Problems associated with water  quality in the lower 

Chesapeake Bay. 

Chesapeake Bay Program 



Total Maximum Daily Load 

WIP’s = Watershed Implementation Plans 



Water quality effects from tidal flooding have not been included in TMDL. 

https://www.youtube.com/watch?v=PkvjnqDlTcQ&feature=youtu.be 
Norfolk Flooding Following Hurricane Matthew 

https://www.youtube.com/watch?v=PkvjnqDlTcQ&amp;feature=youtu.be


We tried to measure the nutrient load associated with a single  
flooding event.  

• Highest astronomical tide of the year is the King Tide 

• Tapped into the Citizen Science project “Capture the King” 

• Engaged students of all ages to “Measure the Muck” 

• Trained them to collect water samples while mapping 



More than 200 water 
samples were collected 
during  the King Tide 
event to measure: 

• Particulate nitrogen and 
carbon  

• Total suspended solids; 
• Dissolved components 

(nitrite, nitrate,  
ammonium, phosphate, 
and urea) 

• Enterococcus (40 spls) 

Tidal flooding water characterization. 



Products out of MTM - nutrient inputs 



Inundation depths were extracted from GIS raster by Derek 
Loftis at VIMS using the data collected from Capture the King 
and corrected using Lidar data. 



volume of water on the streets x ( [NH4
+]flood water         – [NH4

+]river  ) [N] in flooding water = 

39,394,402 m3 ≈ 40,000,000,000 L  
of flooding water  during the King 
tide event in the  Lafayette River 
based on mapping results. 

≈ 616 lbs N 

40,000,000,000 L x   (0.7 μM NH4
+ - 0.2 μM NH4

+
 )  



≈ 1,232 lbs of Nitrate 

volume of water on the streets x ( [NO3
-]flood water     – [NO3

-]river  ) [N] in flooding water = 

39,394,402 m3 ≈ 40,000,000,000 L  
of flooding water  during the King 
tide event in the  Lafayette River 
based on mapping results. 

40,000,000,000 L x   (5.9 μM NO3
- - 4.9 μM NO3

-
 )  



This amount equals the TN-TMDL permitted for land-based load 
allocation in a year! 
- Conservative nutrient concentrations; 
- Not considering organic or particulate components; 
- It is the calculation for a single event 



Larchmont Crescent 

And a big ick  
for Enterococcus 
again this year! 
 
3 samples met  
swimmable 
standards  
(106 MPN) 
 
7 were above 
24,000 MPN 



Sentinel sites – to assess variability in loading  

• Seasonal variability 

• Different landscape 
prehistory 

• Different landscapes 


