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ABSTRACT 

 

The United States wetlands are rapidly deteriorating, resulting in heightened 

amounts of water contaminants, a threat to wildlife habitats, and erosion. A detailed 

understanding of hydrodynamics in tidal wetlands will enable the production of 

models for wetland change based on forecasted rises in sea level. This study uses data 

from a field experiment in a tidal wetland to quantify the spatio-temporal variability in 

near-bed velocities, TKE, and bed stresses as a function of tidal phase in a salt-marsh 

channel. ADCP, EMCM, OBS, and AWLS sensors were deployed at three locations in 

connected secondary and tertiary tidal channels of the St Jones River at the Delaware 

National Estuarine Research Reserve’s St. Jones located near Kitts Hummock, 

Delaware and Delaware Bay.   Results show an asymmetric tidal cycle, resulting in 

asymmetric peaks in along stream, transverse, and vertical velocities as well as TKE, 

bed stress, and suspended sediment. Analytical methods to compute the forcing 

parameters within the tidal channels were also implemented, such as the Logarithmic 

Profile (LP), Covariance (COV), and the Turbulent Kinetic Energy (TKE) methods. 

The three-dimensional velocity profile is measured within each channel, showing the 

influence of each velocity component on channel hydrodynamics. Analysis of the 

aforementioned methods near the bed shows differences in the computed turbulent 

kinetic energy and bed stress.  
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Chapter 1 

INTRODUCTION 

1.1 Significance of Research 

 

Tidal wetlands sustain high nutrient and biological activity and serve an 

important function in many coastal ecosystems. They provide habitat and feeding 

grounds for wildlife, such as birds and fish. Furthermore, wetlands act as a filter for 

many sediment pollutants, limit the movement of heavy metals and toxins, recharge 

groundwater, and buffer storm activity. Largely as a result of sea level rise due to 

glacial melting, degraded wetlands are slowly converting into tidal flats, areas that do 

not support high levels of vegetation and wildlife (White and Tremblay, 1995). 

Erosion may occur at an increased rate without the plant-life to support the wetlands. 

A higher rate of erosion can result in poorer water quality due to increased fine-

grained sediment transport and potential release of carbon and pollutants. The United 

States historically contained over 200 million acres of wetlands (Nelson 1996). Today 

50% of these wetland areas have been degraded and this drastic trend is continuing. 

According to the Environmental Protection Agency (EPA), the United States loses 

approximately 1,385.3 m2 (60,000 acres) of wetlands every year. Moreover, the loss 

of wetland area is exacerbated near urban areas that maintain only 10-15% of their 

original wetland acreage. A detailed understanding of the hydrologic and sediment 

transport characteristics of wetlands and their tidal channels is critical if wetland 

degradation is to be managed and potentially mitigated.  
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To date, limited studies have been conducted to analyze the detailed 

hydrodynamics within small tidal channels that cut across wetlands and influence 

sediment transport and flooding. For example, determining bed stress in shallow tidal 

channels has been difficult due to the lack of miniaturized instrumentation. Bed stress 

controls sediment erosion, deposition, and transport and links it to flow conditions in 

tidal channels (Kim et al. 2000; Biron et al. 2004). The mixing of sediment within the 

water column as well as the erosion and accretion of bed sediments depends on these 

hydraulic factors. This problem is exacerbated where flows over the wetland platform 

are only on the order of centimeters. Most studies of erosion use indirect methods 

using high-resolution measurements of water velocity to determine turbulent kinetic 

energy in the near bed region and bed stress (Pope et al. 2006).  Past studies, however, 

rely on coarse measurements in the vertical direction, providing only rough estimates 

of these parameters near the bed. An improved understanding of tidal forcing 

conditions, namely stresses and turbulent kinetic energy (TKE), and sediment 

response in these small tidal channels and adjacent platforms is needed in order to 

develop predictive models of wetland change under forecasted rises in sea level. 

 

1.2 Scope of Work 

 

This study quantifies the spatio-temporal variability in near-bed velocities, 

TKE, and bed stresses as a function of tidal phase using data acquired from a field-

based experiment. Velocity measurements were acquired between 0 and 10 

centimeters above the bed using in situ sensors and along the free surface via remote 

sensing techniques. Concurrent measurements of near-bed suspended sediment 
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concentration were taken to develop relationships with the fluid forcing parameters.   

Sensors were deployed at three locations in connected secondary and tertiary tidal 

channels of the St Jones River at the Delaware National Estuarine Research Reserve’s 

St. Jones located near Kitts Hummock, Delaware and Delaware Bay.   
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Chapter 2 

BACKGROUND 

 

The velocity within the channel is represented by the three-dimensional vector 

u=(u, v, w)  corresponding to the Cartesian coordinates x, y, z, respectively. Each 

velocity component is composed of a mean and fluctuating velocity (i.e. u= <u> + u’) 

where < > denotes time average and the prime indicates the fluctuating component.  In 

this study, u is the velocity in the along stream orientation with the positive direction 

pointing downstream, v is the velocity in the transverse orientation with positive 

direction pointing towards the right bank while looking downstream, and w is the 

velocity in the vertical orientation with the positive direction pointing up from the bed. 

The interest of this study is to quantify the turbulent kinetic energy and bed stress in 

the channels. These hydrologic parameters are calculated using the Logarithmic 

Profile (LP), Covariance (COV), and Turbulent Kinetic Energy (TKE) methods, 

assuming the flow is neutrally stratified, horizontally homogenous, and stationary 

(Kim et al. 2000).  The methods are described below and summarized in 1.  
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Table 1.1. Summary of Methods Discussed in Text 

 

 

 

2.1 Logarithmic Profile (LP) Method 

 

Method Computes Abbreviation Equation 

LP 

Estimates bed stress 

using the friction 

velocity. 

Method 1 

(M1)        
  

 

TKE1 

Estimates TKE and 

bed stress using all 

velocity 

components. 

Method 2 

(M2) 

        (                 ) 

              

 

 

and 

 

 

TKE2 

Estimates TKE and 

bed stress using the 

along stream and 

transverse velocity 

components. 

Method 3 

(M3) 

         (           ) 

              

 

 

 

and 

 

 

TKE3 

Estimates TKE and 

bed stress using the 

vertical velocity 

component. 

Method 4 

(M4) 

           

              

 

 

and 

 

 

COV 

Estimates bed stress 

using the Reynold’s 

stress equation. 

Method 5 

(M5)         √                
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The Logarithmic Profile (LP) method utilizes first moment statistics to 

estimate bed stress. The von Karman-Pradtl formula, which assumes nearly constant 

stress is used to compute the logarithmic vertical profile of the along-stream velocity 

(u) as: 

 

    
  

 
   (

 

  
)     (1) 

   

where U* is the friction velocity (m/s), z0 is the hydraulic roughness height 

(m) and κ is the von Karman constant (=  0.4).   In equation 1, z is not constant 

because changes and movement of the bed level. An estimate of the friction velocity, 

U*, and hydraulic roughness, z0, is determined by fitting a profile to the measured 

velocities within the logarithmic layer. The known friction velocity is then used to 

determine the channel bed stress:   

 

       
       (2) 

 

where τLP is the bed shear stress (N/m2) and ρ is the fluid density (kg/m3) 

assumed to be the density of sediment-free water (1,025 kg/m3). 

    

2.2 Turbulent Kinetic Energy (TKE) Methods 

 

The TKE methods rely on the use of absolute values of velocity fluctuations. 

Three TKE methods are used to compute the turbulent kinetic energy and the channel 

bed stress. These methods rely on second moment statistics and are calculated using 
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velocity data at a point. The bed stress is calculated using the velocity measurement 

closest to the bed.  

 

2.2.1  TKE Method with Three Velocity Components 

 

The first method uses the standard TKE equation, which relies on the use of all 

three components of velocity fluctuation to calculate the turbulent kinetic energy 

(TKE1): 

 

        (                 ) (3) 

 

Using this formula and the assumption of linear correlation between TKE and 

bed stress, bed stress is computed based on the studies of Soulsby and Dyer (1981) as 

 

                  (4) 

 

where C1=0.2 and ρ = 1,025 kg/m3.  

 

2.2.2 TKE Method with Two Velocity Components 

 

In this study, analysis of TKE resulting from the along-stream and cross-

stream velocities is desired to compute the turbulent kinetic energy using data from all 

sensors.   
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Another method developed here for computing TKE uses only the along-

stream and cross-stream velocity components and is derived from modifying an 

equation from Svendsen (1987).  Svendsen calculates TKE using the fluctuating along 

stream (u’) and vertical (w’) fluctuating velocity components. 

 

            
 

 
(           )  (5)  

 

Svendsen’s  (1987) values for the relative strength of <u’2>,<v’2>, and <w’2>  

to estimate turbulent kinetic energy for the outer region of the boundary layer are 0.45, 

0.32, and 0.23 respectively. Based on Svendsen’s results and Jim Kirby (personal 

communication), TKE is also computed as: 

 

         (           )   (6) 

 

The corresponding bed stress is computed as: 

 

                      (7) 

 

where C2=0.26 and ρ = 1,025 kg/m3 

  

2.2.3 TKE Method with One Velocity Component 

 

As studies of turbulent kinetic energy developed, Kim et al. (2000) established 

a new means of determining TKE using solely the vertical fluctuating velocity (w’) 
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component. This method reduces the influence of noise caused by instrumentation in 

the along and cross-stream components.  

 

               (8) 

 

Corresponding to this equation, the linear relationship between bed stress and 

turbulent kinetic energy is computed as: 

 

                             (9) 

 

 where C3=0.9 and ρ = 1,025 kg/m3. 

 

2.3 Covariance (COV) Method  

 

The COV Method also utilizes second moment statistics for calculations of 

shear stress. The COV Method provides an accurate estimation of the bed stress if the 

sensor is not misaligned during experimentation and secondary flows are not 

introduced into the study area (Stapleton and Huntley, 1995; Kim et al., 2000).  When 

turbulent profiles are collected, it is common to determine the bed shear stress by 

extrapolating the vertical distribution of the Reynold’s stress to the bed (Biron 2004). 

The Reynold’s stress equation is used to determine bed stress in the COV method 

using the velocity measurement closest to the bed. The Reynold’s stress, however, is 

calculated using the velocity measurements for each elevation above the bed. The 

Reynold’s stress and bed stress are given as:  
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           (      )   (10) 

 

or  

 

           √                 (11) 

 

Equation 10 is used when the transverse velocity is small. In this study, the 

transverse velocity is similar in magnitude to the along stream velocity; therefore, it 

cannot be neglected and Equation 11 is used to compute bed stress cov2) in this 

study.   
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Chapter 3 

METHODS 

 

3.1 Field Methods 

 

A field study was conducted at St. Jones Reserve from April 14, 2011 to April 

18, 2011. St. Jones Reserve is a part of the Delaware National Estuarine Research 

Reserve (DNERR) near Dover, DE. The site includes a salt marsh with secondary and 

tertiary tidal channels of the St Jones River, a tributary of Delaware Bay.  Figure 1.1 

depicts the general location and study area, and Figure 1.2 shows a more detailed 

image of the site and equipment set-up. 

 

Figure 1.1 St. Jones field site and equipment locations. 
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Figure 1.2 General equipment locations. At each station, an ADCP, 

AWLS, two OBS, and an EMCM sample data. At C1, an additional 

EMCM is suspended from the bridge and samples surface velocities.  

At the analyzed location in St. Jones Reserve, a tertiary saltwater tidal creek 

flows into a secondary tidal creek. Data acquisition rigs were placed at three site 

locations: the secondary tidal creek upstream of the intersection with the tertiary creek 

(C1), the secondary tidal creek downstream of the creek intersection (C2), and the 

tertiary channel (C3). The location of each rig is depicted in Figure 1.2.  Each rig 

supported five sensors: a Nortek Vectrino-II Acoustic Doppler Current Profiler 

(ADCP), an Electromagnetic Current Meter (EMCM), an Acoustic Water Level 
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Sensor (AWLS), and two Optical Backscatter Sensors (OBS). The ADCP sensors 

were sampled nearly continuously (100 Hz) in 10-minute segments so the file size was 

manageable. A ten-minute data set for all three ADCP sensors was recorded in one 

file.  All other sensors sampled nearly continuously (16Hz) in hourly segments to 

manage file sizes. A one-hour data set for all OBS, AWLS, and EMCM sensors was 

recorded by a DATAQ logger in a single file.   Additionally, during field-testing, 

forty-two (42) water samples—seven at each of the OBS locations—were acquired 

throughout the tidal cycles between April 17th and 18th. During the field experiment, 

a thunderstorm occurred and sensors were removed on April 16.  The location, serial 

numbers, and elevations of the sensors are included in Table 1.2 below. 

 

 

Table 1.2. Heights of Sensors Above the Bed 

 

Location ADCP 

Height  

 (m) 

EMCM 

Height 

(m) 

OBS Height  (m) AWLS 

Height 

(m) 

 

Low(L) 

 

High(H) 

C1 0.06 0.10 0.05 0.1 2.26 

C2 0.06 0.10 0.05 0.1 2.12 

C3 0.06 0.10 0.05 0.1 1.82 

 

3.1.1 ADCP Sensors 

 

The ADCP sensor (Nortek Vectrino II) measures the three-dimensional 

velocity profile within the tidal channels. The sensors sample velocities up to 0.03m 
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above the bed and within a velocity range of +/- 2 m/s at a rate up to 100Hz. Thirty 

1mm bins are sampled to create a vertical profile. The ADCPs were placed 

approximately 6cm above the bed in order to capture (nominally) the bottom 2cm of 

the boundary layer. Additionally, the beam amplitudes, showing signal variation with 

range, and beam correlations are parameters that optimize data collection and provide 

quality control.  

 

3.1.2 EMCM 

 

Electromagnetic Current Meters (EMCM) measure the u and v velocity of the 

flow by inducing a magnetic field around a central flat sensor head. Four EMCM 

sensors were deployed in the secondary and tertiary channels. One EMCM was placed 

proximally to a corresponding ADCP. The instruments were placed to measure 

velocities 0.1m above the bed. The fourth sensor was positioned 0.1m below the water 

surface upstream in the secondary channel and raised and lowered with tide to provide 

an estimate of the surface velocity.  

 

3.1.3 OBS 

 

Optical Backscatter Sensors (OBS) measure the turbidity and concentration of 

suspended sediment. The sensor records a voltage proportional to the amount of light 

backscatter by particles and transmits it to a central data logger. The wider voltage 

output range was used for the St. Jones Reserve study (0 to 5V). The OBS response 
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depends on the suspended sediment studied. Voltages are converted to suspended 

sediment concentrations from laboratory calibrations given below. 

 

3.1.4 AWLS 

 

The Acoustic Water Level Sensors (AWLS), also known as LVU30 Series 

Ultrasonic Sensors, compute the distance between the sensor and the water surface. 

Using this information and the measured sensor elevation, the height of the water 

column is determined by subtracting the distance between the sensor and the surface 

level from the measured sensor height. 

 

3.1.5 Aqua TROLL 

 

Aqua TROLL sensors compute the pressure, temperature, and specific 

conductivity of the water. With this information, the salinity and density are 

calculated. Samples were acquired every two minutes from this sensor.  

 

3.2 Laboratory Methods 

 

OBS data are calibrated using the water samples collected from the study site. 

The water samples were analyzed in a laboratory for suspended sediment 

concentration (SSC) and carbon content using the Loss On Ignition (LOI) technique. 

These experiments were used to verify results from data acquisition and to calibrate 

instruments after experimentation.  
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The first calibration entailed conducting a stirring test with sediment samples 

collected from the secondary tidal channel. Measurements of concentration and the 

associated voltage were used to create a linear fit of concentration vs. voltage. The 

equation associated with the laboratory data was applied to field data to convert 

sampled voltages to concentrations.  

The second calibration implemented the SSC technique to analyze sediment 

from water samples acquired at St. Jones. Using the sediment concentrations obtained 

for the bottles, the bottle concentrations versus the calibrated field concentrations 

(provided by the stirring test results) were plotted. Outlier concentrations were 

removed and a linear fit was generated. The resulting linear equation was used to 

calibrate all OBS data. 

 

3.3 Quality Control Procedures and Methods 

 

Data were removed from the record when a sensor was buried or covered with 

debris (the latter of which was fairly common given the marsh grasses floating in the 

channels). Additional noise in data was removed to improve the reliability of the 

results. The following descriptions detail the methods utilized to separate quality data 

from the noise.  More detailed analytical methods and codes are included in Appendix 

1. 

 

3.3.1 ADCP 
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 The ADCP files were further quality-controlled with the amplitude and beam 

correlations recorded by the sensors. In this study, amplitude values greater than or 

equal to -60 and beam correlations with dB values greater than or equal to 75 are used 

as cutoffs above which data are kept. 

 

3.3.2 Other Data 

 

The AWLS, EMCM, and OBS sensors data were recorded by one data logger 

(DATAQ) into the same file, but each sensors data required unique quality control 

parameters. . Analysis of the hour-long files required dividing each file into ten-

minute data segments (same length as ADCP data). The 10-minute mean water 

elevation, velocity, and concentrations were stored and saved into vectors. Figure 1.3 

shows the general procedure used reduce these data. 
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Figure 1.3 Flow chart of other data quality control for DATAQ 

data. 
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3.3.2.1 OBS Quality Control 

  

To remove poor quality data from the OBS, parameters were defined in Matlab 

to eliminate concentrations based upon large differences in sequential values; data 

variability; and high, unrealistic concentrations. In order to differentiate between poor 

and good quality data, the raw data files were plotted to ascertain differences between 

acquired data and the expected trends and fluctuations. The sensors were calibrated 

before the experiment by the manufacturer apparently about 0, providing positive and 

negative results. After the bad data was extracted from the files, the OBS sensors were 

calibrated using laboratory data.   

 

3.3.2.2 EMCM Quality Control 

  

Quality data are first identified by removing consecutive velocities with 

magnitudes less than 0.04m/s and differences less than 0.008m/s over 40 minutes. 

Then data with accelerations exceeding gravity (9.8 m/s) are removed. This 

acceleration cap is conservative since the gravity driven flow’s acceleration should be 

near the slope multiplied by gravity; thus, the flow acceleration should not closely 

approximate the magnitude of gravity. Finally, along stream velocities with 

magnitudes greater than 0.5 m/s are eliminated. Velocity outliers that are not extracted 

from these criteria are removed manually. For this analysis, the along stream (x 

direction) velocities are cleaned, and the corresponding poor quality transverse (y 

direction) velocities and OBS concentrations are also culled accordingly. A detailed 
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explanation of the quality control parameters and Matlab code for the EMCM data is 

included in Appendix 1.   

 

3.3.2.3 AWLS Quality Control 

 

Poor AWLS data are culled by using the sensor configured value of 9.9 volts 

and by removing data with elevation differences greater than 0.02m between 

consecutive 10-minute files. The specific codes and for quality data control are 

included in Appendix 1.  
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Chapter 4 

RESULTS 

Section 4.1 DATAQ Data 

Data collection occurred from April 14 to April 18, 2011. During 

experimentation, three and a half tidal cycles were recorded (Figure 1.4). The first data 

collection period begins at low tide the evening of April 15 and continues through the 

morning of April 16. The data are interrupted on April 16 due to a rain event that ends 

the morning of April 17. The second data collection period occur between April 17 

and 18. Assuming that the water surface between the three sites is horizontal at high 

slack tide, corrections were applied to water levels at sites C1 (0.0234 m) and C3 

(0.1104 m) so that they would be equivalent to the water level at site C2 at high slack 

tide.  This assumes that the water surface at high tide is the common elevation datum 

for all sites.  The bed and sensor elevations using this datum are poorly constrained at 

the sites, but for simplicity and clarity, the water levels referred to in this document as 

“height above the bed” or “water depth” are these corrected water levels.   
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Figure 1.4 Measured water elevation at each rig location within the 

channels.  

 

Corresponding to these data, a time series analysis of the along stream 

velocity, transverse velocity, and sediment concentrations is shown (Figure 1.5). 
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Figure 1.5 A) The along stream EMCM velocities in the channel. 

Black, blue, and red points are measurements taken approximately 0.1m 

above the bed at stations C1, C2, and C3 respectively. The green points 

corresponding to station C1 is placed roughly 0.1m below the water 

surface and is raised or lowered as necessary during the tidal cycle. B) 

The transverse EMCM velocities associated with each station are taken 

0.1m above the bed. C) The suspended sediment concentrations at each 

station measured at 0.1m above the bed. L indicates the lower sensor, and 

H indicates the higher sensor.  

 

4.1.1 Along Stream Velocities 

The along stream velocities are approximately twice as strong during ebb tide 

compared to flood tide. The magnitudes of the maximum ebb and flood velocities are 

comparable for each tidal cycle. However, during flood just before April 18 until ebb 

after the beginning of April 18, the magnitudes of the ebb and flood velocities 



 24 

increase. The temporary increase in velocity may result from land-based runoff 

draining into the channel after the rainfall. Following the water elevation’s oscillating 

trend, the greatest magnitudes in along stream velocities generally correspond to the 

largest and smallest water elevations (Figure 1.6). 

 

 

Figure 1.6 Comparison of water elevations and along stream 

velocities during experimentation. A) Water elevation B) Along stream 

velocities. 

 

The along stream velocities at C1 show similar trends before and after the rain 

event.  During the first tidal cycle, the most complete data set for C1 was collected. 

The maximum along stream ebb velocity is ~0.45m/s while the magnitude of the flood 

velocity (~0.19m/s) is 42% of the maximum velocity. After the rainstorm, velocities 



 25 

within the channel decrease because of the additional water in the channel. The 

maximum ebb velocity increases to ~0.47m/s.  Accurate estimates of the flood along 

stream velocity, however, are not provided by the clean data. 

Downstream, at C2, the secondary channel velocities do not reflect the 

upstream values. The largest ebb velocity at C2 before the rainfall is ~0.34m/s while 

the magnitude of the flood velocity increases to ~0.28m/s, making the flood velocity 

82% of the ebb velocity. Differences between the upstream and downstream velocities 

most likely result from the tertiary channel feeding into the secondary channel. At the 

intersection of the channels, an eddy forms, which would counteract and reduce the 

along stream velocities moving downstream during ebb. Likewise, during flood, the 

upstream flowing water is separated into two flows, reducing the magnitude of the two 

flow velocities in accordance with mass conservation.  The velocities after the rainfall 

are similar to the trend observed at C1. The maximum ebb velocity is ~0.41m/s and 

the maximum flood velocity is ~0.34m/s, a 21% increase in both the ebb and flood 

velocities. The maximum ebb and flood velocities at C2 increase after the rainfall like 

the trend observed at C1. The increase in the velocity magnitudes may again result 

from the eddy formed by the intersecting channels. Although the eddy counteracts the 

flow from C1, it adds momentum to water pushed away from the eddy as it travels 

downstream to C2. In general, although the maximum ebb and flood velocity trends do 

not correspond between C1 and C2 before and after rainfall, the magnitudes of the 

maximum velocities are similar. 

Finally, at C3, the velocity magnitudes and trends closely reflect C2’s along 

stream velocities. Before the rainfall, the maximum along stream velocity is ~0.34m/s 

and the magnitude of the greatest flood velocity is ~0.16m/s, which is 47% of the ebb 
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velocity. After the rainfall, the largest ebb velocity increases to ~0.45m/s and the 

magnitude of the flood velocity increases to ~0.22 m/s. The velocity most likely 

increases because the cross-section of the tertiary channel accommodates less water 

than the secondary channel, increasing the velocity. Overall, the along stream 

velocities at this location reflect the results obtained downstream in the secondary 

channel.  

 

4.1.2 Transverse Velocities 

 

Transverse velocities exist because of the channel geometry and curvature as 

well as the bed morphology. Additionally, at the confluence of the secondary and 

tertiary channels, the flow diverts from a straight upstream or downstream path and is 

directed to the channel banks. Because of these factors, turbulent flows are produced. 

At C1, the transverse velocity time series reflects the shape of the along stream 

velocity time series. Figure 1.5B shows negative (directed towards the left channel 

bank when facing downstream) transverse velocities occurring with the along stream 

flood velocities. During flood, the magnitude of the transverse velocity is ~0.04m/s, or 

approximately 24% of the along stream ebb velocity magnitude (~0.17m/s). Likewise, 

whenever the along stream velocities are positive during ebb, the transverse velocities 

are positive. The maximum transverse ebb velocity (~0.17m/s) is approximately 38% 

of the along stream velocity (~0.45m/s). Peaks in the velocities occur simultaneously 

in both the along stream and transverse directions.  

Transverse velocity trends differ before and after the rainfall at C2. Before the 

storm, the magnitude of the transverse velocity is ~0.02 m/s during flood and 
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~0.19m/s during ebb. The maximum transverse velocities occur prior to the largest 

flood and ebb along stream velocities. The trend changes, however, after the rainfall 

on April 16. During the first tidal cycle on April 17, the maximum flood transverse 

velocity coincides with the largest positive along stream velocity. The transverse 

velocities also approach 0 m/s when the along stream velocities near 0 m/s. During 

this cycle, the only extreme variation in the negative transverse velocities occurs. 

Besides this change, the transverse velocities follow the trend of peaking with the 

extreme positive and negative along stream velocities. 

The transverse velocities remain positive throughout the tidal cycle at C3 due 

to channel geometry. The tertiary channel gradually bends to the left until it meets the 

secondary channel (See Figure 1.1). Sensors were deployed within the curved stretch 

of the channel, directing all incoming and outgoing flows towards the channel right 

bank. The transverse velocities are maximal (~0.12m/s) just prior to the greatest ebb 

and flood along stream velocities before the rainfall. Additionally, the transverse 

velocities approach zero when the along stream velocities are approximately 0 m/s. 

After the rainfall, a distinct trend is observed in the transverse velocity fluctuations. 

Looking at the first flood period (indicated by negative along stream velocities), the 

transverse velocity completes a cycle of reaching a maximum and returning to a 

minimum.  As the magnitude of the along stream velocity increases during flood, the 

magnitude of the transverse velocity increases. Likewise, as the magnitude of the 

along stream velocity decreases and returns to 0m/s, the transverse velocity deceases 

to approximately 0m/s.  The duration of the transverse velocity cycle is approximately 

3 hours and 45 minutes. During ebb, the transverse velocity completes two cycles 

similar to the one during ebb. The first cycle begins as the along-stream velocity 
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increases from 0m/s and ends when the along stream velocity reaches the peak 

magnitude. The second transverse velocity cycle begins as the along stream velocity 

reduces from its peak magnitude and ends as the along stream velocity returns to 0m/s 

before flood.  

 

4.1.3 Suspended Sediment Concentration 

 

In general, peaks in sediment concentration correspond to the two peaks in 

along stream and transverse velocity magnitudes. The lowest sediment concentrations 

occur at the beginning of flood tide when the negative along stream velocities are 

small and the cross-stream velocity approaches 0 m/s.  

Before the rainfall, the maximum concentration occurs just after the peak along 

stream and transverse velocities during flood. Additionally, the smaller peak in 

suspended sediment concentration occurs when the transverse velocity approaches 

0m/s and the along stream velocity is maximal during ebb.  

After the rainfall, the concentration trend changes. The overall magnitude in 

concentration levels reduces. Potential causes for this change are dilution from 

rainwater, surficial sediments removed by rainwater, and flow changes due to rainfall. 

Two peaks in sediment concentrations also occur during ebb and one smaller peak 

occurs during flood. During ebb, the largest concentration peak occurs as the along 

stream velocity reaches a maximum magnitude and the transverse velocity is 

approximately 0m/s. After this, a smaller second concentration peak occurs as the 

along-stream and transverse velocities approach 0m/s at the end of ebb. A smaller 

concentration peak occurs during flood and coincides with the maximum along stream 
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and transverse velocities. These results correlate with the changes in along stream 

velocities before and after the rainfall. The magnitudes of the along stream ebb 

velocities increase after rainfall while the magnitudes of the along stream flood 

velocities decrease. Because the magnitudes of the along stream velocities drive 

sediment movement in the channels, the change in the trend for peak concentrations is 

justified.   

 

After determining quality data (see Chapter 3) from the ADCPs, AWLS, 

EMCM, and OBS instruments, the near bed velocities, turbulent kinetic energy, and 

stresses are analyzed. Quality data from each instrument permit complete analysis for 

the tertiary channel during the tidal cycle on April 15-16 and the secondary channel 

during the first half of April 18th. These tidal cycles are analyzed because of the 

coinciding quality data provided by all instruments. 

 

Section 4.2 Tertiary Channel Results 04/15-04/16 

 

Figure 1.7 shows the tidal cycle from April 15-16 in the tertiary channel. The 

red squares identify points of analysis during the tidal cycle. Although the points are 

not separated uniformly in time, these data are analyzed because they provide the best 

quality results for analysis. 
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Figure 1.7 Tidal cycle for the tertiary channel from April 15-16. 

The red squares indicate the times and water elevations corresponding to 

selected data analyzed during the tidal cycle.  

Figure 1.8 depicts the three-dimensional velocity profiles within the first 

0.03m of the bed at locations corresponding to the red squares in Figure 1.7. The 

three-dimensional near-bed velocity profiles indicate the changes in velocity 

magnitudes throughout the tidal cycle (Figure 1.8; first row: along stream, second row: 

transverse, third row: vertical). The black dots indicate the mean velocity while the 

pink line shows the logarithmic fit to the mean velocity profile above the bed. 

Horizontal bars indicate 1 standard deviation on either side of the mean calculated 

over 10 minutes. 
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Figure 1.8 Three-dimensional velocity profiles from C3 for the data 

segment April 15-16. The top panel depicts the along stream velocities 

within the channel at the water elevations corresponding to the selected 

data points in Figure 1.6. The second row shows the transverse velocities 

and the third row provides the vertical velocity profiles. 
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Figure 1.9 ADCP and EMCM velocity profiles and the percent 

differences between recorded values from April 15-16. These profiles 

correspond to the first eight red squares in Figure 1.7. 

Flow velocities are asymmetric with higher magnitude three-dimensional 

velocities at all elevations as water elevation drops compared to the rising elevation 

velocities (Figure 1.8). The difference in velocity peaks during the tidal cycle causes 

slack tide in the channel. As expected, Figure 1.8 shows the mean along stream 

velocities are negative during flood and positive during ebb. The first eight of the nine 

profiles in Figure 1.8 correspond to quality EMCM data. Figure 1.9 shows the 

relationship among these profiles and the EMCM velocity data. The mean transverse 

velocities, however, remain positive throughout ebb and flood due to a curve in the 

channel geometry. These velocities correspond to the positive values sampled by the 

EMCM. Water is directed towards the right bank as it enters and exits the tertiary 

channel, forcing the flow’s transverse velocities in a positive direction relative to the 

sensor. The transverse velocities are also smaller in magnitude than the along stream 

velocities. Transverse velocities are ~ 72% and ~89% of the along stream velocity 



 33 

during ebb and flood, respectively, when measured 0.015m above the bed. The 

directions of the vertical velocities, however, oppose the direction of the along stream 

velocities throughout the tidal cycle. Additionally, the magnitude of the vertical 

velocities is ~15% of the ebb along stream velocities and ~20% of the flood along 

stream velocities, indicating that near bed turbulence even for the weak vertical 

velocities flows may be strong. Overall, vertical velocities do not play a significant 

role in the channel’s hydrodynamic parameters compared to the along stream and 

transverse velocities. 

The velocity profiles also have a logarithmic shape. At the bed, the velocity is 

0 m/s. As the elevation above the bed increases, the magnitude of each mean velocity 

increases. Additionally, as the velocity within the channel increases, the curvature of 

the profile increases. The profiles plot up to 31bins to plot the profile within the first 

0.03 of the bed. Profile lengths vary because of the moving bed, which alters the 

height of the intersecting bed and bin elevation, and quality control.   

 

Associated with the three-dimensional velocities, analytical methods described 

in Chapter 2 provide the following depiction of TKE up to 0.02 m above the bed.  



 34 

 

Figure 1.10 Turbulent Kinetic Energy at C3 from April 15-16. A) 

Water elevation at C3 B) TKE estimated using Method 2 C) TKE 

estimated using Method 3 D) TKE estimated using Method 4.  

Figure 1.10 illustrates two peaks in TKE occurring during the tidal cycle: one 

during flood on April 15 at 20:00 and the other during ebb on April 16 at 00:01. The 

flood TKE peaks are approximately 33% of the ebb TKE for Methods 2 and 3 while 

for Method 4 the flood peak is almost 44% of the ebb TKE. The TKE maxima and 

minima coincide with the maxima and minima velocities during the tidal cycle. Figure 

1.10 also shows the transition and increase in TKE at each elevating above the bed. 

Velocities measured <0.002m from the bed are nearly 0m/s, which is consistent with 

the no slip condition of the stationary bed, resulting in low TKE values. As velocities 

increase at higher elevations above the bed, turbulence increases. The magnitude of 
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TKE thus correlates to the velocity magnitudes. The results indicate that the three 

methods of analysis do not provide equivalent estimates of the TKE. Figure 1.10 

shows Methods 2 and 3, which use three and two velocity components respectively, 

provide similar TKE estimates. Meanwhile, Method 4 provides lower estimates of 

TKE at every elevation. The difference among Method 4 and the Methods 2 and 3 is 

most evident near the bed. To further illustrate the differences among these methods, 

Figure 1.11 plots the TKE profiles using each analytical technique. 

 

 

Figure 1.11 TKE profiles determined using three analytical methods. 

Subplots correspond to the selected times from Figure 1.7. 

The black, red, and blue dots represent the mean TKE at each elevation above 

the bed. The overlapping black, red, and blue lines project the logarithmic fit to the 
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mean TKE values. The profile lengths depicted in Figure 1.11 vary because of changes 

in the bed elevation caused by the soft bed. At each time, three profiles are depicted 

that represent the three methods for computing TKE.  

The magnitudes of computed TKE vary with the implemented method. Method 

4 (in blue) calculates TKE using only the vertical velocity component and provides the 

smallest estimate. Results obtained using Method 4 provide ebb TKE estimates ~16% 

and flood TKE estimates ~12% of the largest estimates. Methods 2 and 3, however, 

compute similar magnitudes. In general, calculations from Method 3, which relies on 

the along stream and transverse velocity components, result in the highest TKE 

estimates that are ~15% greater than Method 2 magnitudes. The peaks and variations 

in TKE coincide with the velocity peaks and variations. Figure 1.11 also shows the 

TKE is nearly four times larger as the water elevation drops compared to when it rises. 

For location C3, as the velocities within the channel maximize, the TKE increases to 

its greatest magnitude.  

As seen in Figure 1.12, the stress profiles show similar trends to the TKE 

profiles.  
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Figure 1.12 Reynolds stress profiles are depicted using Methods 2-5 

for April 15-16.   

Corresponding to the velocity and TKE profiles, the largest stresses coincide 

with the greatest velocities and TKE magnitudes. As the water level rises, low stresses 

are observed, and as the water level falls the stresses approximately quadruple in 

magnitude. Greater variations among the methods also occur as the water level falls. 

Stresses calculated using Method 5 provide the lowest estimation of stress with ebb 

stress magnitudes ~42% of Method 3, the greatest estimate, and flood magnitudes 

~19% of Method 3. Methods 2-4, which implement the various TKE methods, 

produce larger estimates of stress. Method 4 uses only the vertical velocity in 

calculations and provides the lowest TKE estimate of stress while the computation 

including the along stream and cross-stream velocities provides the largest estimate. In 
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general, Method 4 magnitudes provide ebb stresses ~57% and flood stresses ~46% the 

magnitude of Method 3 stresses.  Additionally, Method 2 ebb and flood stresses are 

~66% and ~64% of the ebb and flood stresses calculated by Method 3.  

 

Finally, the bed stress in the tertiary channel is determined. The following time 

series depicts bed stress throughout April 15-16 using the LP Method, COV Method, 

and three TKE methods. 

 

Figure 1.13 Bed stress variability at C3 from April 15 at 15:00 to 

April 16 at 06:00. A) Water elevation. B) Mean velocity from 1.5 cm 

above the bed. C) Bed stress calculated using the five analytical methods.   
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Figure 1.13 shows two peaks in bed stress corresponding to the maximum 

flood and ebb velocities measured at C3 1.5cm above the bed. Similar to other results, 

the greatest bed stress is observed as the water level falls. Method 1 provides a 

relatively flat time series trend throughout the tidal cycle and results in the lowest bed 

stress estimate. The greatest stress occurs during flood and is ~0.13N/m
2
 using 

Method 1.  Methods 2, 3, 4, and 5 show more distinct trends in bed stress and have 

greater magnitudes. Method 5, although noted as a negative stress, provides 

magnitudes comparable to Method 1 as the water level rises and to Method 2 as the 

water elevation falls. Table 1.3 provides the average stress computed using the various 

analytical methods. 

 

 

Table 1.3. Mean Bed Stress (N/m
2
) during April 15-16 Tidal 

Cycle. 

 

Location Day Method 

1 

Method 

2 

Method 

3 

Method 

4 

Method 

5 

C3 04/15-

04/16 

0.0441 0.45 0.6952 

 

0.3475 0.3012 

 

Figure 1.14 compares the bed stress to the sediment concentrations.  
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Figure 1.14 A) water elevation. B) Bed stress from the five 

analytical methods is shown. Note that the magnitude of Method 5 is 

plotted in this figure. C) Suspended sediments.   
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Figure 1.15 Concentration and salinity variations during the tidal 

cycle from April 15 15:00 to April 16 16:06. A) Water elevation B) 

Suspended Sediment Concentration C) Salinity 

Figure 1.14 shows that as the water level rises and the smaller of the bed stress 

peaks occur, the largest sediment concentration occurs. Generally, it is anticipated that 

the highest bed stresses result in the highest sediment concentrations, but this was not 

found. The highest concentration of sediment during flood correlates to the change in 

flow momentum. After the previous ebb flow occurred, a surge of sediments was 

pushed downstream away from the tertiary channel. As the tide changed, the 

counteracted flow contained sediments of the secondary and tertiary channels from 

both ebb and flood. The high concentration during flood likely resulted from the 

collection of sediments during slack tide. Additionally, as the water elevation 

increased in the channel, loose soil particles may have been introduced into the flow. 

Increased salinity would result in particle flocculation and reduce turbidity. Similar to 
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the peak in sediments during flood, a smaller concentration peak occurs during ebb 

when the highest bed stresses are achieved. Figure 1.15 justifies this trend. Figure 

1.15C shows salinity measurements acquired in the primary channel. Because the 

tertiary channel is analyzed, a lag in time for salinity changes is anticipated. A salinity 

increase occurred in the primary channel just after peak concentrations occurred in the 

tidal channel. The salinity front likely entered the tertiary channel near over time and 

impacted the second peak in sediment concentrations. 

 

Section 4.3 April 18 Secondary Channel Analysis (Site C1) 

 

 The analyzed tidal cycle for the secondary channel is shown in Figure 

1.16. The tidal cycle begins at the peak elevation at midnight on April 18 and 

continues until the next peak elevation.  The red squares indicate specific times and 

water elevations corresponding to the subsequent analyses. 
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Figure 1.16 Tidal cycle during April 18 is shown above. The cycle 

begins at the peak water elevation and completes the cycle by midday. 

The water elevation then begins to descend again as the following cycle 

begins. The red squares on the plot indicate the specific times and water 

elevations associated with subsequent analyses for TKE and stress 

profiles. 

Figure 1.17 shows the three dimensional velocity profiles associated with selected 

water elevations from the above tidal cycle. The uppermost row displays the along 

stream velocities, the middle panel depicts the transverse velocities, and the bottom 

row shows the vertical velocities. The profiles are organized so that columns provide 

the three velocity profiles for a specific time and water elevation marked in Figure 

1.16. 
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Figure 1.17 The upper row shows the along stream velocities in the 

secondary channel. The second row depicts the transverse velocities. The 

bottom row provides the vertical velocities. The black dots show the 

mean velocity for each bin. The bars adjoining the mean velocities 

represent a single standard deviation of each bin’s mean velocity. 

Overlying the mean velocities, the pink line marks the projected velocity 

profile. 

After reaching a peak elevation, the water level declines. As the elevation 

drops, the along stream velocity direction transitions from positive to negative. The 

directional change initiates at higher elevations in the water column before it occurs 

near the bed (See Figure 1.17 column 1). After the flow fully changes direction, the 
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bed elevation for the along stream velocity is higher than for the corresponding 

transverse and vertical velocity beds (See Figure 1.17 columns 2 and 3). It is likely the 

channel banks eroded and sedimentation increased, altering bed morphology and 

affecting ADCP samples, after the rainfall on April 16. The maximum velocities also 

occur as the water elevation falls. The flow then changes direction approximately one 

hour after the water elevation begins to rise. The velocity magnitudes increase until 

they reach a peak flood velocity. The general trend shows the flood along stream 

velocities ~54% the magnitude of the ebb along stream velocities. 

The transverse velocities for the channel mirror the general shape of the along 

stream velocities. The direction of the transverse velocities, however, is negative as 

the water elevation falls and positive as it rises. As the flow changes from ebb to 

flood, a 67% decrease in the velocity magnitude occurs. Additionally, the magnitude 

of the transverse velocities is approximately 35% and 28% of the ebb and flood along 

stream velocities. The relationship between the transverse and along stream velocities 

is weakened in the secondary channel compared to the tertiary channel. Differences in 

the relationship between transverse and along stream velocities likely occur because of 

the channel sizes and geometries. 

Finally, the vertical velocities act in the same direction as the along stream 

velocities. The vertical velocities maintain a smaller magnitude than the along stream 

and transverse velocities throughout the tidal cycle. The vertical velocity is nearly 

37% of the ebb along stream velocity and nearly 30% of the flood along stream 

velocity.  Similar to the along stream velocities, the magnitude of the vertical velocity 

increases as the water elevation falls. The magnitude of the vertical velocity is 
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approximately five times greater during ebb (~0.077m/s) than flood (~0.016m/s), 

reflecting the asymmetric flow. 

 

Based on the three-dimensional velocities, the TKE profiles are projected in 

Figure 1.18.  

 

Figure 1.18 TKE profiles during the tidal cycle on April 18. Black, 

red, and blue dots indicate the mean TKE at each bin using Methods 2, 3, 

and 4. The lines mark the logarithmic fit associated with the mean TKE 

values. 
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Figure 1.18 shows the TKE profiles using the methods described in Chapter 2. 

Larger TKE magnitudes occur as the water elevation falls and are smaller as it rises. 

Method 4 provides the lowest estimate for TKE and is ~50% and ~24% of the ebb and 

flood magnitudes determined using Method 3. Generally, Methods 2 and 3 provide 

similar approximations along the entire profile. Method 2 provides the highest 

estimate of TKE throughout the tidal cycle and give estimates ~2% greater than 

Method 3. Method 2 gives the largest estimates at elevations greater than 1cm while 

Method 3 provides larger estimates at elevations less than 1cm above the bed.    

 

Figure 1.19 shows the stress profiles corresponding to the projected TKE 

profiles. 
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Figure 1.19 Reynolds stress profiles for April 18. Colored dots mark 

the mean stress at each bin elevation while the lines represent the 

logarithmic fit profiles.  

Figure 1.19 shows the computed stress profiles. Unlike the trends of the TKE 

profiles, various methods provide the greatest estimate during ebb and flood. The 

order of the highest to lowest estimate is as follows: Method 4, Method 3, Method 2, 

and Method 5. Method 4 provides an estimate approximately 73% larger than Method 

3, which provides the second highest estimate, while Methods 2 and 5 result in 

estimates 78% and 56% the magnitude of Method 3.  During flood, the trend for 

highest to lowest stress estimate changes. Flood is characterized by low stress levels in 

comparison to ebb. During this part of the tidal cycle, Method 3 provides the highest 

estimates for stress. Methods 2, 4, and 5 provide lower estimates for stress that 

respectively approximate 68%, 83%, and 85% the magnitude provided by Method 3. 

The results show significant variations among the computed stress magnitudes. 

However, by using Methods 2 and 3, similar results are always obtained.  

 

 Finally, the bed stress in the tertiary channel is determined. The 

following time series depicts bed stress from the tidal cycle on April 18 using the LP 

Method, COV Method, and three TKE methods. Figure 1.20 shows the bed stress at 

C1 in the secondary channel associated with the stress profiles above. 
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Figure 1.20 A) Water elevation on April 18 from 00:00 to 13:27. B) 

Along stream velocity measured 1.5 cm above the bed at C1. C) Bed 

stress computed using the five analytical methods.  

As the water elevation drops and the along stream velocity increases, the bed 

stress increases. The greatest bed stress during the tidal cycle occurs simultaneously 

with the greatest velocity and TKE values. Likewise, while the water elevation is low 

and velocity decreases, the channel experiences minimal bed stress. Figure 1.20 

depicts that methods 1 provides the lowest approximation of bed stress, while methods 

2, 3, 4 and 5 produce bed stress results with comparable magnitude and trends. Table 

1.4 shows the mean bed stress computed throughout the tidal cycle using the five 

analytical methods. 
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Table 1.4. Mean Bed Stress (N/m
2
) during April 18 Tidal Cycle. 

 

 

 

 

 

Figure 1.21 compares the bed stresses to sediment concentrations. 

 

 

Figure 1.21 A) Tidal cycle on April 18 from 00:00 to 13:27. B) Bed 

stress. C) Sediment Concentrations.   

Location Day Method 

1 

Method 

2 

Method 

3 

Method 

4 

Method 

5 

C1 04/18 0.1139 0.3707 0.57 0.3146 0.2826 
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Suspended sediment levels increase as the water elevation falls and bed stress 

increases. The sediment concentrations remain high as the water elevation reaches a 

minimum, but concentration decreases as the bed stress decline with a rising water 

elevation. Small peaks in bed stress, such as the one starting at 10AM, create small 

increases in concentration levels as well. In general, an increase in bed stress raises 

suspended sediment concentration. Additionally, sediment increases correlate to the 

water’s salinity and density as shown in Figure 1.22. 
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Figure 1.22 A) Suspended sediment concentrations on the April 18 

tidal cycle. B) Density during the tidal cycle. C) Salinity during the tidal 

cycle.  

 

The salinity and density of water rapidly declines after 00:00 on April 18. As 

the salinity and density of water decrease, the suspended sediment concentration 

increases. A decrease in concentrations occurs around 05:00 due to the minimized bed 

stress (Figure 1.21). At 08:00, the sediment level increases slightly corresponding to a 

small decline in salinity and density.  Sediment levels then continue to decline with the 

smaller bed stresses in the channel. However, they reach a minimum at 09:00 after a 

rapid decline in salinity and density occurs. Although the bed stress is greater at this 
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time that it is at 06:00 when higher salinity levels are observed in the channel, the 

sediment concentrations are smaller. The salinity and density of the channel, therefore, 

affect flocculation of sediment particles. Sediment concentrations are lower at higher 

salinity levels than when salinity levels are low.     
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Chapter 5 

DISCUSSION 

 

5.1 Channel Velocities 

 

The asymmetric velocities and oscillating tidal amplitudes observed correlate 

to results from other tidal channel studies. Tidal channel analysis by Mariotti and 

Fagherazzi (2010) shows similar ebb-flood asymmetries throughout the tidal cycle 

with larger velocities corresponding to ebb flows. The study also shows the along 

stream velocity maximizing during flood as the water elevation reaches its peak 

height, which corresponds to the results obtained in this study. 

Mariotti and Fagherazzi (2010) show as the along stream velocity increases 

during ebb, the transverse velocity maintains a consistently low magnitude. In the St. 

Jones analysis, the magnitude of the transverse velocity is <0.2 m/s while the along 

stream velocity is <0.5 m/s. Fluctuations in cross-stream velocity do not vary 

significantly throughout the tidal cycle and do not show a similar degree of asymmetry 

compared to the along stream velocities. Differences in results are likely attributed to 

differences in channel and flow characteristics. 

Finally, tidal channels in previous studies show consecutive peaks in velocity 

between the transverse and along stream velocities. The transverse velocities in the 

tidal channel peaks just prior to the along stream velocities in the Mariotti and 
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Fagherazzi study (2010). The St. Jones study, however, shows the maximum 

transverse velocities occurring concurrently with the along steam velocity peaks 

during ebb and flood. Unlike other studies, the St. Jones analysis also shows two 

surges in the transverse velocity during ebb and one surge during flood. 

 

5.2 Suspended Sediment Concentrations 

 

Similar to the results obtained, Mariotti and Fagherazzi (2010) found sediment 

concentrations peaks with each maximum ebb and flood along stream velocity.  The 

higher peak during fair weather conditions on April 15 corresponds to the maximum 

flood velocity, while the smaller peak is associated with the ebb velocity maximum 

(Green and Coco 2007). 

This trend changes after the rain event. Overall, the sediment concentrations 

are lower due to dilution from rainwater. The greatest sediment concentration 

corresponds to the maximum ebb along stream velocity. Additionally, two 

concentration peaks occur during ebb the day after the rain event, similar to Mariotti 

and Fagherazzi’s results in the 2010 study. Similar to the St. Jones study, sediment 

concentrations studied by Green and Coco (2007) also reach a minimum as the water 

elevation rises. However, unlike the St. Jones study, Green and Coco observed peak 

concentrations after a rain event occur during flood. The data recorded by Green and 

Coco, however, document the concentrations during and immediately after rainfall 

while the St. Jones study records data several hours after rainfall. The difference in 

experimentation periods may justify the discrepancy between the studies’ results. At 

St. Jones, for instance, sediment may have traveled downstream or deposited along the 
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channel banks before the second deployment initiated, reducing sediment 

concentrations during flood. 

Overall, this study shows that the water elevation, bed stress, water density, 

and salinity levels impact suspended sediment concentrations throughout the tidal 

cycle. 

 

5.3 Turbulent Kinetic Energy 

 

TKE production within the channel reflects results from studies of TKE 

analysis higher in the water column. Rippeth et al. (2002) document asymmetric 

maximums in TKE production corresponding to the asymmetric along stream 

velocities. The minimum TKE (approximately 0 m
2
/s

2
) occurs at the low slack tide. 

The study also notes that TKE production during flood increases less than during ebb 

(Rippeth et al. 2002). The maximum flood values for TKE in Rippeth’s study are 

approximately 60% of the peak TKE magnitudes during ebb. In the St. Jones study, 

the magnitude of TKE during flood is approximately 16% of the ebb TKE. A potential 

cause for this difference is the increased friction created near the bed that counteracts 

the flow momentum during tidal changes. 

 

5.4 Stress 

 

Asymmetric stresses are also observed at St. Jones. The larger stresses occur as 

the water elevation drops and the along stream velocity maximizes. Near slack tide at 

the minimum water elevation, the stresses approach zero, reflecting results obtained in 
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larger tidal channels (Rippeth et al. 2002). The study by Rippeth et al. also shows 

asymmetric stresses from consecutive slack tides. When low slack occurs, periods of 

low stress follow. Low slack tide at St. Jones produces low stresses in the channel for 

approximately 2 hours, which is consistent with Rippeth’s results in 2002. At this 

time, the flow transitions from ebb to flood and sediment concentration increase in the 

channel as the momentum of the out-going flow is counteracted. The high slack tide, 

however, is significantly shorter and results in larger stress values, which causes the 

second peak in sediment concentrations.  

Several differences exist between the obtained stress profiles and the methods 

supposed previously. For instance, instead of observing linear Reynolds stresses near 

the bed, as supposed by Rippeth et al. (2002), a distinct curved profile exists. 

Additionally, Kim et al. in 2000 claimed that bed stresses and stresses within the water 

column could be computed using the TKE method equation        . With the use 

of various constants corresponding to TKE equations using one, two, or three velocity 

components, it is supposed similar bed stresses magnitudes are obtained. The St. Jones 

results, however, show a significant difference in computed stresses. In particular, 

results produced using Method 4, which implements calculations with only the vertical 

velocity component, provide the greatest difference compared to the other TKE 

Method formulae. In general, Method 5, or the COV Method, results in the lowest 

magnitude estimates. The magnitudes and accuracy varies significantly among the five 

analytical methods. For near bed applications, estimates of stress are sensitive to the 

velocity components used.            
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Chapter 6 

CONCLUSION 

This study explores the effectiveness of in-situ measurements to quantify 

fundamental hydrologic characteristics necessary for comprehending and modeling 

shallow flow in tidal wetlands as well as the hydrologic characteristic trends in these 

systems. 

 The hydrologic characteristic trends vary during the tidal cycle. Near-bed 

analyses show asymmetries in the velocity, turbulent kinetic energy, and bed stress 

during the tidal cycle. As a result, asymmetric sediment fluxes are observed. The 

greatest magnitudes in the hydrologic characteristics occur at the end of ebb, while 

smaller magnitudes and fluxes are observed during flood. Sediment concentrations 

also correlate to fluxes in these characteristics. Before the rainfall, the maximum peak 

concentration is observed during flood and a second, smaller peak in concentration 

occurs during ebb. The trend in concentration peaks, however, reverses after the rain 

event. The magnitude and variation in these hydrologic characteristics are computed 

using the LP, TKE, and COV methods.  

A comparison of analytical methods was conducted. Results show a significant 

dispersion in computed magnitudes using the LP, TKE, and COV methods. In this 

study, TKE is computed using three methods. The smallest TKE estimate is computed 

using only the vertical velocity component while the methods using the along stream 

and transverse components or all velocity components provide similar results. In 

general, calculations incorporating only the along stream and transverse velocity 
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components produce the largest estimate. Similar trends are observed for stress profile 

calculations. In addition to the above methods, the COV method is included. This 

method provides a stress estimate slightly less than the method implementing three 

velocity components. Finally, bed stress analysis was conducted. The LP method and 

TKE method using only the vertical velocity provide similar results. Other methods 

provide larger estimates and show two peaks in bed stress. A smaller bed stress flux 

occurs during flood than during ebb. In general, analysis shows application of the 

above methods does not provide similar results and not all methods may be applicable 

to near-bed analyses. 
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Appendix I 

QUALITY CONTROL CODES 

 

Code Name Instrument What It Does 

clean_vectrino.m ADCP The function quality controls ADCP data 

with good data defined as amplitude cutoff 

values ≥-60 and correlation cutoff values 

≥75. 

dataq_clean_data.m AWLS 

EMCM  

OBS 

Organizes AWLS, EMCM, and OBS data 

into separate files and provides preliminary 

quality control parameters. 

timeseriesanalysis0417.m AWLS 

EMCM 

 OBS 

Takes files organized by 

dataq_clean_data.m and quality controls 

AWLS, EMCM, and OBS data using the 

procedures listed in Figure 1.3. 
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Appendix II 

ANALYTICAL CODES 

 

Code Name What It 

Does 

Notes 

obsdataplot_02222012.m Plots 

quality 

controlled 

AWLS, 

EMCM, 

and OBS 

data in 

four 

subplots: 

along 

stream 

velocity, 

transverse 

velocity, 

concentrati

on, and 

water 

elevation. 

 

clean_velocity_std_graphs.m Plots the 

mean and 

standard 

deviations 

for the 

three-

dimension

al ADCP 

velocities. 

The code 

also 

provides a 

logarithmi
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c fit to the 

mean 

velocities. 

TKEprofile_and_waterlevel_Vectri

no7886.m 

 

Plots two 

figures: 

one is the 

tidal cycle 

and 

associated 

points of 

analysis 

(marked 

by red 

squares) 

and the 

other 

shows the 

logarithmi

c fit to the 

TKE 

profiles. 

A duplicate code is used to 

calculate the tidal cycle and TKE 

profiles for Vectrino 7951. 

 

TKEprofile_and_waterlevel_Vectri

no7951.m 

 

 

 

 

 

 

dataqvectrinoplotincludingemcm.m 

 

 

 

 

 

Plots 

correspond

ing 

EMCM 

and ADCP 

velocity 

mean and 

standard 

deviations. 

Then the 

code 

determines 

the 

logarithmi

c fit and 

the percent 

difference 
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between 

the 

projected 

profile and 

the mean 

EMCM 

velocity. 

kinetic_energy.m Creates a 

color plot 

of TKE 

data for 

the tidal 

cycle on 

April 15. 

 

stress_profiles.m Plots two 

figures: 

one is the 

tidal cycle 

and 

associated 

times of 

analysis 

and the 

second 

shows the 

Reynold’s 

stress 

profiles. 

A duplicate code is used to 

calculate the tidal cycle and 

Reynold’s stress profiles for 

Vectrino 7951. 

 

stress_profiles_Vectrino7951.m 

bed_stress_time_series.m Creates 

four plots 

that show 

the 

following: 

Plot 1-

tidal cycle, 

velocity, 

and bed 

stress. 

Plot 2-

tidal cycle, 

bed stress, 

and 

concentrati

A duplicate code is used to plot 

these figures for Vectrino 7951. 

 

Vect7951_bed_stress_time_series.

m 



 67 

on. 

Plot 3-

tidal cycle, 

concentrati

on, and 

salinity. 

Plot 4-

concentrati

on, density 

and 

salinity. 

 

 

 


