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Abstract: An expelimental study of tmbulence and vertical mixing was carried out in the lower east Pearl River (Mississippi and Louisiana) 
during a high-discharge period in February and March of 2010. Direct estimates were made of the time-varying profile of turbulent Reynolds 
stresses (Tx/ p = -u'w') through the water column. From this, both the vertical eddy viscosity (K111 ) and mean vertical mixing time 
were calctllated, and the water column was shown to be vertically well mixed at all times. Segmenting the stresses into stresses due to 
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duling different flow regimes. Two simple turbulence models are examined and compared to the measured mixing parameters. DOl: 10.1061/ 
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Introduction 

Rivers serve as one of the primary linkages allowing the transfer 
of dissolved and suspended materials and nutrients across the land 
margin and into the coastal ocean. Since the early work on estuarine 
dynamics (see, for example, Pritchard 1952, 1954; Hansen and 
Rattray 1965), vertical mixing, largely driven by bottom stress, has 
been known to be an important control on the flux of dissolved 
substances through its action on vettical stratification. Upstream of 
the estuarine zone, the effects of stratification are much diminished, 
and vertical mixing becomes even more effective in controlling the 
vertical flux of dissolved and suspended substances and especially 
in maintaining the suspended sediment load. 

A majority of the studies of mixing in rivers have concentrated 
on the estuarine zone (see, for example, Peters 1997; Chant 2002; 
Simpson et al. 2005; Chant et al. 2007), on mixing at the river 
mouth (see, for example, Shteinman et al. 1993), and on mixing and 
entrainment in the buoyant plume (see, for example, Peters and 
Johns 2005). With their different physical and temporal scales, the 
measurement of flow and turbulence in rivers away from the estua­
rine zone often poses a different set of challenges (Muste et al. 
2004). Most previous work has been concentrated on measuring 
near bed stress (see, for example, Stone et al. 2003; Liu et al. 2009) 
as these are the stresses that control sediment suspension and dep­
osition. However, the use of high-frequency four-beam acoustic 
Doppler current profilers allows the measurement, through the vari­
ance method to be described later, of the vertical distribution of 
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stresses throughout the water column. Thus, the vertical diffusivity 
both of momentum and of dissolved and suspended substances 
can be determined. 

This paper discusses the results of a mooring experiment in the 
previously unstudied lower east Pearl River during a minor flood 
event in February and March of 2010. The study is designed to 
quantify the stresses throughout the water column and examine 
the relative influence of bottom-generated stress due to the mean 
river discharge, internally generated stress due to shear in the 
water colunm, and stresses due to tidal modulation of the flow 
as the river transitions from a high discharge regime to a more 
tidally influenced regime. The data gathered then further allowed 
the authors to evaluate some common turbulence models and 
assess their applicability to modeling similar tidally modulated 
river flows. 

Study Site 

The study site is the lower east branch of the Pearl River, which 
forms the political border between southem Louisiana and 
Mississippi. The Pearl River originates in central Mississippi, 
near the town of Edinburgh. It flows south before splitting into 
two channels south of Bogalusa, Louisiana. The east and west 
branches of the Pearl drain into Little Lake and the Mississippi 
Sound and eventually to the Gulf of Mexico (see Fig. 1). The Pearl 
River has a drainage area of approximately 22,000 km2 (Patrick 
1995) in the Pine Meadows unit of the East Gulf Coastal Plain 
(Thornbury 1965). The bed is generally composed of mud and 
sand and is pe1iodically dredged from the study site in the Stennis 
Space Center buffer zone to the ocean to allow for heavy barge 
traffic. 

Approximately 70% of the average annual rainfall of 1.72 m 
(Wax 1990) occurs in the winter and early spring, and flows are 
highest at these times. Late summer and early fall are generally 
characterized by low streamflows and increased tidal! influence. 
The area is frequently affected by tropical weather, including trop­
ical depressions, storms, and hurricanes, which can bring signifi­
cant rain (Tumipseed et al. 1998), as well as high storm surge (Fritz 
et al. 2007). 

Tidal range at the ocean boundary is as much as 1 m on spring 
tide arid 0.3 m on neap and flows show a tidal signal with tidal 
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