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Water levels in College Creek varied between -0.4 to 0.6 m relative to MLLW over the course of 
the study. Numerous periods with positive or negative water level anomalies (WLAs; observed –
predicted water level) can be clearly seen and were strongly correlated to wind speed and direction 
(Fig. 3). This confirms the findings of Davies et al. (2021) who found that negative WLAs at the 
mouth of the Severn River were often correlated with winds from the north-west and positive 
WLAs were often correlated with winds from the east to south. The measured axial current speeds 
(m/s) in College Creek from during the ECO1 deployment from 16-22 FEB 2022 (Fig. 4a) and the 
ECO2 deployment from 02-08 MAR 2022 (Fig. 4b) both show similar patterns in current response 
to water level fluctuations even though the two deployment locations were different (Fig. 1a). In 
general, current speeds were low, between -0.05 to 0.04 m/s. These results were confirmed during a 
RiverRay ADCP tow near low slack water on 17 FEB 2022 which showed low, but variable 
streamwise current speeds across the channel (Fig, 5). Although axial current speeds fluctuated in 
response to changing water levels related to the astronomical tide, the phase difference between 
peak (low and high) water levels and peak current speed changed depending on the meteorological 
tide. During times with strong positive WLAs, axial current speeds were generally more negative 
indicating a net retention of water in the Creek and during times with strong negative WLAs, axial 
current speeds were more positive indicating a net export of water into the Severn River related to 
the relative pressure gradient in the Creek as compared to the main-stem Severn River. The shorter 
estuarine length and shallow-wide basin of College Creek could also cause enhanced tidal 
dispersion and tidal trapping within Creek under extreme WLA conditions (Garcia et al., 2022).    

Figure 3. (Top) Predicted 
(tidal) and observed water 
levels from the NOAA Water 
Level and Meteorology 
Gauging Station, Annapolis, 
MD (Station ID: 8575512) 
from 10 FEB – 11 MAR 
2022 plotted with observed 
water levels recorded by the 
Onset HOBO MX-2001 
Water Level logger in 
College Creek. (Bottom) 
Wind speed and direction 
recorded at the NOAA 
Station 8575512 from 10 
FEB – 11 MAR 2022. Note 
the shaded red area from 16-
22 FEB 2022 indicates the 
ECO1 ADCP deployment 
and the purple shaded area 
from 02-08 MAR 2022 the 
ECO2 ADCP deployment.  
The dashed green line is a 
RiverRay ADCP tow. 

Figure 4. (a) Observed and 
predicted water levels and 

averaged axial current 
response (upper layer, 

bottom and mid-layer, and 
total water column) 

measured by the ECO1 
ADCP in College Creek 

from 16-22 FEB 2022 (b) 
Observed and predicted 

water levels and averaged 
axial current response (upper 
layer, bottom and mid-layer, 

and total water column) 
measured by the ECO2 
ADCP in College Creek 

from 02-08 MAR 2022 to 06 
MAR 2022.
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A suite of instrumentation was deployed in College Creek (Fig. 1a) at USNA over 29-day period starting 
10 FEB 2022 and ending 11 MAR 2022.  An Onset HOBO MX-2001 Bluetooth Low Energy (BLE) Water 
Level Logger was installed on the McNair Rd. side of College Creek (Fig. 1b & 2a) and programmed to 
record barometric pressure-corrected water levels at 15-minute intervals. A 3-beam, 1 MHz Nortek ECO 
current profiler ADCP was deployed in a magnetic-triggered bottom mooring at two separate locations to 
record currents at 5-minute intervals, from 10-23 FEB 2022 (ECO1) and from 24 FEB to 10 MAR 2022 
(ECO2), respectively (Fig. 1c & 2b). A 600 kHz RDI Teledyne RiverRay with Dynamic GPS was towed 
across College Creek to record cross-channel streamwise (axial) currents during select phases of the tide 
(Fig. 1d & 2c). Current speed and direction data collected by the Nortek ECOs was averaged over the total 
water column (3 depth bins), surface (upper depth bin), and bottom (bottom and middle depth bins) depths 
and used to estimate the current magnitude in the axial direction (70° from true north) along College 
Creek. Positive current magnitudes indicate flow out of the mouth of College Creek and negative values 
represent flow in to College Creek. Water levels measured by the Onset HOBO MX-2001 Water Level 
Logger were referenced to mean lower-low water (MLLW) and 6-minute water levels measured at the 
National Oceanic and Atmospheric Administration (NOAA) Water Level and Meteorology Gauging 
Station, Annapolis, MD (Station ID: 8575512). Wind Direction and speed was also downloaded from the 
NOAA Annapolis, MD gauging station. Lastly, all data were time-averaged to coincident, 1-hour intervals. 

Figure 2. (a) Midshipman 1/C 
Anna Kovacs drilling holes into 
the housing unit for the Onset 
HOBO MX-2001 Water Level 
Logger; (b) Midshipman 1/C Ben 
Hassen and Midshipman 1/C 
Legrand Pound deploying 
ADCPs in College Creek; and (c) 
Midshipman 1/C Anna Kovacs 
and Midshipman 1/C Airi Sloan 
conducting RiverRay ADCP tows 
across College Creek.

In this study, acoustic doppler current profilers (ADCPs) were used to measure cross-channel and axial 
current velocities in College Creek over different phases of the tide under varying meteorological forcing 
conditions to estimate the relationship between water level and mean current response and to identify 
primary meteorological forcing factors affecting this relationship. 

Conclusions and Future Work

Figure 1. (a) Map of the College Creek (Dorsey Creek) study area on the U.S. Naval 
Academy (USNA) between McNair Rd. (right bank) and Hospital Point (left bank). 
College Creek is a small, brackish tidal creek that empties into the Severn River, a tidal 
tributary to the mesohaline Chesapeake Bay (inset).  Deployment locations are shown 
for: (b) two Nortek ECO (ECO 1 and 2) Acoustic Doppler Current Profilers (ADCPs); 
(c) a Onset HOBO Water Level Data Logger; and (d) a towed RDI Teledyne RiverRay 
ADCP. Also shown is the assumed axis of College Creek at 70° from true north.   

Figure 5. Cross-channel (left-to-right bank) streamwise (axial) currents in College 
Creek near low slack water on 17 FEB 2022 measured by the RiverRay ADCP.  
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Results

• WLAs in College Creek were correlated to wind speed and 
direction. Axial current speeds fluctuated in response to changing 
water levels but the phase difference between peak water level 
and current response changed depending on meteorological 
forcing as did the magnitude and direction of the axial current  

• Future research should investigate how variable current response 
to water levels in College Creek relates to the duration of 
nuisance flooding events at USNA and the potential for tidal 
trapping in College Creek  

References: Davies at al., 2021, Earth Interactions 26: 52-65; Garcia et al., 2022, Estuaries and Coasts 45:363–381.
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