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ABSTRACT 

Benches are bank-attached channel deposits occurring at an elevation between the 

channel banks and the bed.  Their occurrence in a variety of geologic and hydrologic settings has 

led to confusion about the mechanisms driving their formation, which in turn contributes to 

difficulty identifying the active floodplain, bankfull stage, and the determination of 

environmental flows in some rivers. This research sought to identify the hydrodynamic and 

hydrologic processes involved in bench formation and use this information to predict bench 

stability. Sites at Talladega and Hillabee creek were selected and are located in the southern 

Piedmont (USA). Using hydrodynamic modeling software (River 2D) in combination with 

sediment particle size analysis and topographic surveys, the flow conditions necessary for the 

entrainment and deposition of the d84, d50, and d15 particle sizes were simulated.  Results 

suggest that bench erosion requires flows at least 150% larger than benchfull stage at the 

Talladega site, while the Hillabee site experienced erosion at much smaller discharges due to its 

smaller mean sediment size. An analysis of USGS historical flow data showed the recurrence 

interval for erosive flows at the Talladega site has increased from 1.8 to 2.3 years since 1985. An 

analysis of precipitation data and historical landuse show this change in hydrologic regime likely 

being driven by reforestation, and to a lesser extent a change in precipitation timing, intensity, 

and yearly totals.  This muted flow regime experienced by the study streams creates an optimum 

environment for vertical accretion, leading to the maintenance of alluvial benches. This research 

suggests that benches are stable (actively accreting) features functioning as incipient floodplains 

in over-widened rivers of the southern Piedmont.  It also supports the idea that the main valley 

flat is not always the best field indicator of bankfull stage, and that bench surfaces are important 

forms of channel complexity that should not be neglected by stream management and restoration 

planning. 
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1 Review of Bench Literature 

1.1 Introduction 

 1.1.1 What is a Bench? 

 Benches are relatively flat fine grained sediment deposits occurring at an elevation 

between the channel bed and the main valley flat. They are hypothesized to form over a coarse 

sand and gravel nucleus, demonstrate upward fining and appear to be subjected to periodic cut 

and fill (Erskine and Livingston, 1999). Benches serve as transition areas between aquatic and 

riparian zones, provide habitat for many species, and are highly effective carbon and nitrogen 

sinks (Powell and Bouchard, 2010). Benches are involved in the maintenance of stream 

equilibrium by contracting the channel during drought dominated periods and eroding away to 

widen the channel during flood dominated periods (Erskine and Livingston, 1999). While often 

not the focus of geomorphic studies in the past, benches have been documented in regions 

varying from sub-arctic (Hickin, 1979) to arid (Marren, et al., 2006) and in a variety of geologic 

settings (Davis, 2009; Webb et al., 2002). Active bench formation has been documented in 

streams with heavy anthropogenic disturbance (Kilpatrick and Barnes, 1964), altered hydrologic 

regimes (Changxing et al., 1999), and in undisturbed systems (Hickin, 1986). While sparse to 

completely absent in some systems, benches may occur frequently in others. Vietz (2008) 

recorded 3 to 10 benches per kilometer during a survey of the Owens River in Victoria, 

Australia. Despite their global distribution and geological significance, the mechanisms by which 

benches initiate and the fine-scale processes that govern their construction are poorly understood. 

 There has been much confusion among geomorphologists about what constitutes a bench, 

by what name they should be called (Vietz, 2008), and what they indicate about the hydrology 

and geomorphology of a reach. Benches are often referred to as berms, marginal bars, shelves, 
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depositional bars, or as low terraces (Erskine and Livingstone, 1999; Royall et al., 2010). Further 

complicating the issue are the multiple bench types commonly described. Most studies have used 

their own classification systems (Kilpatrick and Barnes, 1964; Changxing et al., 1999; Thoms 

and Olley, 2004) prompting Vietz (2008) to undertake a detailed study of bench nomenclature 

combined with an inventory of benches along the Ovens River in Australia to create a common 

vocabulary among researchers. Vietz placed benches into five categories as either concave, 

point, linear, tributary confluence, and feature benches linking bench type to their formative 

process (Fig. 1.1). The Vietz classification scheme is the chosen bench nomenclature for the 

purposes of this research. 

 

Fig. 1.1: The classification scheme proposed in Vietz (2008). 

 In this classification scheme concave benches are extremely fine-grained, low lying 

deposits formed upstream of an apex bend with a zone of flow separation (Hickin, 1986; Vietz 

2008). Point benches are similar to point bars as they are found on the inside of bends except 

they are composed of coarser material and have a higher elevation above the channel bed 

(Changxing al., 1999). Point benches may be formed atop pre-existing point bars (Vietz, 2008). 
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Linear benches are usually lower in elevation than point benches with a similar mean particle 

size, sometimes display upward coarsening (Changxing et al., 1999), and are found along the 

channel margins in straight reaches. Tributary confluence benches occur downstream of a 

tributary confluence, are composed of fine grained sediments, and may overlap or develop in lee 

of a tributary confluence bar (Vietz, 2008). Feature benches are formed in slack water zones 

created by artificial or natural within channel features such as a boulder, coarse woody debris, or 

a dam and may be found either behind a feature (lee of feature) between two features (within 

feature) or on the front of a feature (stoss of feature). 

 

Fig. 1.2: An example of a linear bench located on the upper reaches of Talladega Creek, 

Chandler Springs AL. 
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1.2 The Hydro-geomorphology of Benches 

 The term bench was first coined in Kilpatrick (1961) and subsequently described in 

Kilpatrick and Barnes (1964). While attempting to measure bankfull stage of streams in the 

Piedmont area of the Southeastern United States, Kilpatrick and Barnes encountered one to three 

surfaces below the level of the floodplain or “main valley flat.” They hypothesized that the 

height of these “step features” corresponded to floods of specific recurrence intervals. While 

conducting their surveys they discovered most benches had elevations lower than the stage of the 

mean annual flood suggesting that benches were not relict terraces but were active depositional 

surfaces inundated on relatively short timescales. Woodyer (1968) also investigated the 

frequency of bench inundation and classified benches by their relative height above the channel 

as low, medium, and high with the assumption that the medium bench represented bankfull 

conditions. Based on the commonly used floodplain classification system of Nanson and Croke 

(1992) the middle bench of Woodyer would be equivalent to the active floodplain. 

 Initially, most research regarding bench formation focused on concave benches, which 

were first identified along the Mississippi River (Carey, 1963). Carey noted that concave 

benches, that he termed “eddy accretions” formed immediately upstream of sharp meander bends 

in flow expansion zones. He observed a zone of flow separation occurring over benches at high 

flows creating large eddies which move from the downstream end of the bench to the upstream 

end, gradually decreasing in velocity until they dissipate and rejoin the stem flow. Studies by 

Hickin (1979), Woodyer et al. (1979), and Nanson and Page (1983) showed flow separation can 

be initiated by the stem flow impinging on a non-erodible surface in laterally confined 

meandering channels. This became the accepted model of concave bench formation. However, 
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hydrodynamic modeling has only recently been used to recreate the hypothesized conditions 

necessary for concave bench formation (Vietz, 2011) but empirical data remain limited. 

 The influence of hydrologic regime on bench formation became a focus of researchers, 

largely working in Australian systems. Erskine and Warner (1988) demonstrated that Australia’s 

climate varies between flood dominated (FDR) and drought dominated (DDR) periods. During 

the FDR the channel widens significantly as bench and floodplain material are laterally eroded 

by frequent large floods (Erskine and Livingstone, 1999). This increase in sediment supply 

causes the formation of a “sand slug” which aggrades the channel bed (Erskine, 1994). During 

DDRs the excess sediment is reworked laterally toward the channel margins, initiating bench 

formation and channel recovery (Warner, 1994; Erskine and Saynor, 1996). Erskine stressed this 

model is only valid in streams were meandering is prevented by bedrock or cemented terraces 

without which benches would be destroyed on much shorter timescales (Erskine, 1999). In 

support of this argument research has shown the majority of reaches containing benches have a 

sinuosity of 1.5 or less. In contrast, Cohen (2003) speculated that large floods can increase rates 

of bench accretion based upon his findings that stratigraphic units spanned multiple alluvial 

levels. 

 Erskine’s model is a commonly cited explanation of lateral and point bench formation, 

though it does not offer an explicit mode of sediment deposition or explain why benches develop 

at specific locations (Vietz, 2008). The idea that benches are destroyed by large floods has 

motivated researchers to establish dates of bench formation to infer hydrologic processes (Webb 

et al. 2002). The proposed ages for benches range from 2200 years for “high” benches (Thoms 

and Olley, 2004) to around 20 years for some “low” benches (Wasson et al., 2010), with an age 

of 100 to 250 years being commonly quoted. Because these relatively young dates correspond to 
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the time of European induced land-use change in Australia and the United States several authors 

have suggested that recent bench development is due to increased supply of anthropogenically 

derived sediment (Rustomji & Pietsch, 2007; Hughes et al., 2010; Royall et al., 2010). Others 

have made direct links between human activities and bench formation including Changxing 

(1999) who documented bench development downstream from a dam that muted the rivers flow 

regime. 

 Engineers have long noted that emergent vegetation can reduce flow velocities due to 

increased drag (Manning, 1891; Cowan, 1956), but less is known about how such processes 

affect geomorphic feature development. Recently, Erskine (2008; 2012) attempted to correlate 

the formation of benches with the establishment of riparian vegetation. These studies suggested 

that sand bars play a role in bench formation by creating a coarse sediment nucleus upon which 

vegetation can colonize. This in turn increases surface roughness, slows flow velocities, and 

encourages the deposition of fine particles that are then consolidated and protected from scour by 

the vegetation. Others have previously suggested a relationship between low lying fluvial 

features and emergent vegetation (Osterkamp and Hupp, 1984; Page and Nanson, 1982). 

Corenblit et al. (2007) proposed the existence of a biogeomorphic feedback between vegetation 

and alluvial features in which the formation of fluvial landforms is initially controlled by 

hydraulic action until vegetation becomes well established that then enhances rates of sediment 

retention and allows larger, less inundation tolerant species to colonize the landform. 

 One impediment to bench research in the United States is that multiple terms have been 

used to describe benches including “berm” and “channel shelf”. The term bench has been used to 

refer to everything from erosional ledges to incipient floodplains. Hupp (1984) in his studies on 

the interaction between riparian plant communities and fluvial landforms describes an “active 
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channel shelf” as a planar depositional surface at an elevation higher than depositional bars but 

lower than that of the active floodplain. Simon and Hupp worked to develop a channel evolution 

model which describes six steps that channelized or disturbed streams progress through while 

attempting to re-establish equilibrium (Simon and Hupp, 1986; Simon 1989). Stages 4 – 6 

describe the development of a new depositional surface along the margins of an incised, over 

widened stream where most floods are entirely contained within the channel and little or no 

overbank deposition occurs (Simon and Hupp, 1992). This incipient floodplain feature is very 

similar to descriptions of benches in geomorphic literature except the changes in hydraulic 

conditions are caused by humans rather than by climate. Grams and Schmidt (2002) working 

downstream of a dam on the Green River in Utah noted the presence of an “intermediate bench” 

between the level of the active depositional surface and the old terrace. The “intermediate bench” 

(or old floodplain) was inundated post dam closure on a 5 year recurrence interval while the 

lower “floodplain” (or accreting bench) was inundated annually. Bench like features have also 

been described in Trimble, (1974), Ruhlman and Wade, (1999), Walter and Merritts, (2008), and 

Schenk and Hupp (2009). Thus, when benches are written about it is usually unclear whether 

researchers are describing the active floodplain of a river undergoing channel adjustment, an 

active floodplain that represents the new equilibrium conditions, or a topographic surface created 

by erosional or depositional processes. 
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Fig. 3: Feature benches formed between a now collapsed mill dam and the foundations of a 

bridge on Little Hillabee Creek, Millerville AL. 

 While there is a significant body of research regarding benches, the amount of research 

devoted to explaining their occurrence in comparison to other fluvial features is small. 

Additionally, most bench research has been conducted in Australia, which has the most unique 

hydrologic regime on Earth (McMahon et al., 1992) and may not be representative of bench 

formation in other locations. Only three recent papers have been published on benches in the 

Southeastern U.S. where benches were first described (Davis, 2007; Davis 2009; Royall et al., 

2010). In addition to this geographic discrepancy, the existing literature is divided into research 

focusing on coarse-scale processes, such as alterations in stream hydrology (Erskine and Warner, 

1988) and a much smaller number focusing on the fine-scale processes leading to bench 
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formation (Vietz et al., 2011). In brief, the majority of existing bench research is either 

descriptive or theoretical and lacking in empirical validation. 

1.2 Implications of Bench Research 

 The identification of bankfull flow in a reference reach or reach of interest is a metric 

used in stream evaluation in virtually all stream management and restoration applications 

(Harman, 2000). Bankfull discharge is usually deemed important because bankfull, dominant, 

and effective discharges are approximately equal (Harman, 2000).  Simon (2004) points out that 

the idea of bankfull discharge is only applicable to stable streams as streams in disequilibrium 

may lack distinct active depositional surfaces, and if these surfaces are present they may be 

continually changing in elevation either due to erosion, accretion, and channel aggradation or 

incision. Many hydrologic handbooks teach that the presence of an “inner berm” should be 

ignored when seeking to establish bankfull flow as they are not formed by the dominate 

discharge (Harman, 2000).  This raises the question of whether benches are formed and 

maintained by the dominant discharge making them indicative of bankfull flow? If benches are 

indicative of bankfull flow, this may mean that river restoration projects are under designing 

channels, meaning the new, engineered channels are inherently unstable. 

 Understanding the processes governing bench formation could reveal previously 

unknown information about streams the world over. If benches form in response to changes in 

hydrologic regimes, the active formation of benches may indicate to what extent a stream’s flow 

has been altered. Changes in channel form, created by altered stream flow, could indicate aquatic 

organisms are being subjected to increased levels of stress via increased sediment load or 

channel shallowing or deepening. Benches may be accreting in response to abnormally high 

sediment loads due to human activities (Hughes et al., 2010). If benches are stable (not accreting 
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or eroding) it could be an indication that the stream is currently at equilibrium within its 

environment or that benches serve as recovery landforms following over-widening due to 

anthropogenic disturbance as has been previously proposed (Erskine and Livingstone, 1999). It is 

possible that stable benches are an indication of historic stream incision due to the removal of a 

temporary base level, such as a mill (Walter and Merritts, 2008; Schenk and Hupp, 2009), 

through agricultural legacy sediment (Ruhlman and Nutter, 1999), or in response to 

channelization or landscape denudation (Simon and Rinaldi, 2006). The presence of eroding 

benches may indicate that the hydrologic or land use conditions under which they formed have 

been altered. Without empirical testing, it is impossible to interpret what, if anything, the 

presence of benches in a watershed may indicate. 

 A better understanding of the conditions needed to construct/destroy benches is necessary 

to improve river conservation and management due to the considerable research demonstrating 

their ecological significance. Benches help to establish equilibrium within the channel following 

large-scale disturbance by creating a storage area for excess sediment which in turn creates a 

new riparian zone (Erskine and Livingston, 1999). Benches create additional in-channel 

complexity within a stream (Sheldon and Thoms, 2006) and provide habitat for aquatic species 

in over widened channels. Multiple researches have shown that benches function as carbon sinks 

(Sheldon and Thoms, 2006; Thoms and Olley, 2004; Woodyer et al., 1979; Coker, 2012). These 

findings show how benches can be integral to lateral and longitudinal connectivity. Such 

connectivity is a central element of conceptual paradigms, such as the River Continuum Concept 

(Vannote et al., 1980), that guide ecologic research. Benches forming in over widened channels 

are in essence fine scale ecotones re-coupling the fluvial environment with the terrestrial. 

Additionally, since organic carbon is a foundational food source for aquatic communities 
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(Vannote et al., 1980) this indicates that benches help control the structure and function of these 

communities in reaches where benches occur. 

 Vegetated benches forming within over-widened channels may also benefit aquatic 

ecosystems by enhancing the shaded area and reducing water temperatures. These streams are 

typically wide with shallow water depths and rocky channel beds, making them susceptible to 

large fluctuations in temperature through the day and year. Johnson (2004) found water 

temperatures in bedrock channels were up to 8.6° C higher and 3.4° C lower than alluvial 

streams and noted vegetated buffer strips can reduce temperatures by convective heat exchange 

(Johnson and Jones, 2000). Benches may also serve as stream buffers by filtering both surface 

runoff to the stream and flood waters flowing to the floodplain (Osborne and Kovacic, 1993; 

Powell and Bouchard, 2010). Liu et al. (2008) demonstrated that a herbaceous vegetation buffer 

of 20 m can filter over 90% of agricultural pollutants from surface runoff. Considering that a 

typical bench ranges in width from 5 to 20 meters their presence could drastically reduce the size 

of streamside buffers needed on the floodplain. Benches also serve as sediment sinks (Thoms 

and Olley, 2004) and their erosion would greatly increase suspended sediment loads harming the 

aquatic community (Ryan, 1991).  

1.3 Summary 

 The presence of benches in watersheds around the world is well documented by 

geomorphologists, and their existence has been recognized for nearly fifty years (Kilpatrick and 

Barnes, 1964; Woodyer, 1968). Benches have been classified into distinct categories based on 

shape, elevation above the channel bed, stratigraphy, location in the channel, and formative 

processes with the classification scheme of Vietz (2008) placing benches in five general types. 
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The formation of concave benches has been thoroughly investigated by a number of empirical 

studies (Hickin, 1986; Vietz, 2011). Other bench types, especially linear benches, have had their 

formative processes hypothesized (Erskine and Livingston, 1999) but have not been validated by 

empirical research. This gap in the literature demands more attention as understanding the 

mechanisms driving bench formation may reveal information about historic land use change, 

climate change, and the hydrologic regime under which stream channels form. 

 This thesis is divided into four chapters. This chapter is focused on a review of bench 

literature. Chapter two focuses on the hydraulic controls of bench formation by determining 

intervals of deposition and erosion as well as the influence of vegetation and areas of reverse 

flow. Chapter three focuses on hydrologic controls of bench formation and destruction by 

examining the effects of altered hydrologic regimes on the intervals of deposition and erosion 

established in chapter two. Chapter four discusses the interaction between the hydraulic and 

hydrologic process, presents a theoretical model of bench development, and concludes this 

thesis. 
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2 Testing Hydraulic Controls of Bench Formation and Destruction 

2.1 Introduction 

 

2.1.1 Overview of Bench Research  

 

Benches are relatively flat fine grained sediment deposits occurring at an elevation 

between the channel bed and the main valley flat. They are hypothesized to form over a coarse 

sand and gravel nucleus, demonstrate upward fining and appear to be subjected to periodic cut 

and fill (Erskine and Livingston, 1999). Benches serve as transition areas between aquatic and 

riparian zones, provide habitat for many species, and are highly effective carbon and nitrogen 

sinks (Powell and Bouchard, 2010). Benches are involved in the maintenance of stream 

equilibrium by contracting the channel during drought-dominated periods and eroding away to 

widen the channel during flood-dominated periods (Erskine and Livingston, 1999). While often 

not the focus of geomorphic studies in the past, benches have been documented in regions 

varying from sub-arctic (Hickin, 1979) to arid (Marren, et al., 2006) and in a variety of geologic 

settings (Davis, 2009; Webb et al., 2002). Despite their global distribution and geological 

significance, the mechanisms by which benches initiate and the fine-scale processes that govern 

their construction are poorly understood. 

Benches may be generally categorized as concave, point, linear, tributary confluence, or 

feature benches with the concave and linear types being the most studied (Changxing et al., 

1999; Vietz, 2008). Concave benches are low lying very fine-grained features formed along the 

outside of tight meander bends while linear benches are coarser grained, higher elevation 

features found along the margins of straight reaches (Vietz, 2008). Initial research on bench 

formation focused on connecting the height of benches with specific recurrence intervals 

(Kilpatrick and Barners, 1964) and predicting the magnitude of flows needed to erode benches 



18 
 

(Woodyer, 1968). While concave benches have long been hypothesized to form via flow 

separation (Carey, 1963; Woodyer et al., 1978), there has been much debate about the formation 

of linear benches. The most widely accepted theory is based on the work of Erskine and Warner 

(1988) on alternating climate regimes in Australia. Erskine proposed that during periods of 

frequent flooding the channel widens significantly as bench and floodplain material are laterally 

eroded by frequent large floods (Erskine and Livingstone, 1999). This increase in sediment 

supply causes the formation of a “sand slug” that aggrades the channel bed (Erskine, 1994). 

During periods of infrequent flooding the excess sediment is reworked laterally toward the 

channel margins, initiating bench formation and channel recovery (Warner, 1994; Erskine and 

Saynor, 1996). However, this hypothesis has never been empirically validated probably due to 

the extremely long study times needed to document this process.  

A breakthrough in bench research took place when Vietz (2011) used the 2-dimensional 

hydrodynamic modeling software River 2D to confirm that concave benches form through 

vertical accretion of suspended fines in a reverse flow, slack-water environment created by flow 

separation. Significantly, he used River 2D to identify what range of flows result in deposition 

and scour. This work (Vietz, 2011) is the only empirical study to quantify the types of flows 

needed to build benches helping address a long-standing question since benches were first 

documented (Kilpatrick and Barnes, 1964; Woodyer, 1968).  

While Vietz’s modeling work dealt exclusively with concave benches, he theorized other 

types of benches, as well as other fine grained sediment deposits, may form in this manner. Vietz 

(2008) noted the majority of the literature on bench formation focuses on concave benches, and 

there is a distinct lack of research on the formation of lateral, tributary confluence, and point 

benches. Additionally, benches modeled by Vietz were located along the Oven’s River, a 



19 
 

protected natural river system. Comparing his results to the hydrodynamics of different bench 

types in heavily disturbed locations, such as the Piedmont of the Southeastern U.S., would test 

the applicability of his model of bench formation to more typical fluvial settings. Additionally, 

there is a need to examine the effects of vegetative cover in the stabilization of benches 

(Osterkamp and Hupp, 1984) as variations in plant cover could greatly alter the magnitudes of 

flows needed for deposition and erosion. 

There is a need for each of the factors that may aid in bench formation to be 

systematically tested. Hydrodynamic modeling is ideal for investigating this research question as 

it allows for the simulation of multiple flood scenarios. The primary research questions 

addressed in this section: 1.what factor does vegetation play in bench accretion and stability, 2. 

what range of flows lead to bench accretion 3. how stable are benches in the long term? 

 2.1.2 Hypotheses 

Hypothesis 1: Vegetation plays little to no part in the stabilization of benches and does not 

substantially enhance rates of accretion. 

This research will examine what role if any that vegetation plays in bench stability during 

high flows. In contrast to the commonly held belief that vegetation greatly increases the stability 

of fluvial features, the work of Simon and Collison (2002) and De Baets et al. (2005) failed to 

conclusively validate this relationship. Simon and Collison (2002) showed that vegetation can 

also bring many destabilizing effects and that plant roots typically do not extend deep enough to 

prevent bank undercutting in deep channels, the principle cause of bank erosion in many 

Piedmont streams. De Baets (2005) showed the protection provided to topsoil by above ground 

biomass is minimal, while Steiger (2001) showed correlations between the density of vegetation 
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and sedimentation are erratic. Therefore, the biogeomorphic feedbacks between alluvial features 

and emergent vegetation proposed by Corenblit (2007) are questionable within the settings of 

over-widened channels.  

Hypothesis 2: Benches are relatively ephemeral features which are destroyed on relatively short 

timescales. 

While it may take benches hundreds of years to form they can be destroyed rapidly by 

flow homogenization from dam construction (Vietz, 2008) and by catastrophic floods (Erskine, 

1994). Despite the plethora of research conducted in Australia, only one paper has addressed the 

long-term stability of benches in the United States (Royall et al., 2010). Therefore, this study  

determined the magnitude of flows needed to destroy benches, how frequently these flows occur, 

and used these data to infer relative bench age based upon frequency of occurrence. 

Hypothesis 3: Benches are formed through the deposition of suspended solids caused by a 

reverse flow, slack-water environment. 

Multiple authors have proposed bench development in slack-water environments due to their 

fine-grained stratigraphy and the extremely low settling velocities of these particles (Woodyer et 

al., 1979; Nanson and Page, 1983; Hickin E. J., 1986). While several theories have been 

proposed to explain the creation of this low velocity environment the work of Vietz (2011) 

simulated the existence of a reverse flow environment over concave benches during sub-bankfull 

flows. Other researchers have made casual observations of other bench types being formed in lee 

of flow obstructions or in flow expansion zones (Changxing et al., 1999; Erskine and 

Livingstone, 1999). Hypothesis 3 was developed based upon field observations of benches that 
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are inset into floodplains and to test the applicability of Vietz’s work to benches other than 

concave benches. 

2.2 Study Sites 

 

2.2.1 The Piedmont Physiographic Province  

 

 The Piedmont is a deeply dissected plateau extending from Alabama to Maryland and 

varying in elevation from 500 m near the Blue Ridge to 75 m where it transitions to the East Gulf 

Coastal Plain. The average rainfall is between 127 – 110 cm, increasing from north to south with 

February being the wettest month and October the driest. Availability of water has become a 

major issue in the region as four major droughts have occurred since 1985 (Sun et al., 2008). 

Piedmont geology consists of highly weathered and fractured gneisses, schists, and amphibolites, 

along with occasional granite dikes (GSA, 2001). The bedrock is overlain by a layer of easily 

erodible saprolite of variable thickness, with the most common soils being Ultisols belonging to 

the Cecil and related series (Trimble, 1974). The topography is hilly and occasionally quite steep 

with the natural vegetation consisting of mixed oak, hickory, and pine forest.  

The Piedmont has experienced heavy levels of anthropogenic disturbance since European 

settlement (Trimble, 1974). Much of the Piedmont was cleared for agriculture in the 18
th

 century 

creating extensive gullying in erodible soils, which ultimately caused phases of river widening 

and aggradation. Mill dams constructed soon after European settlement and then larger dams for 

hydroelectric power and municipal reservoirs constructed over the last 100 years have altered the 

flow regimes of Piedmont streams. A combination of historic land degradation and stream 

impoundments have resulted in channels that are over-widened (Ruhlman & Nutter; 1999; 

Walter and Merritts, 2008; Schenk and Hupp, 2009). Benches are common along Piedmont 

streams. Kilpatrick and Barnes (1964) surveyed 32 sites in the Piedmont ranging from North 
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Carolina to Alabama and identified benches at all sites. Royall et al. (2010) re-surveyed twelve 

of the Kilpatrick and Barnes sites and found that half had at least one bench level. 

 
 

Fig. 2.1: Location of the Talladega and Hillabee Creek study sites. 
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2.2.2 Talladega and Hillabee Creek Bench Sites 

The two bench complexes examined in this study are located on Talladega Creek near 

Alpine, AL and Hillabee Creek near Hackneyville, AL (Fig. 2.1) and were selected due to their 

size, complex structure, and proximity to USGS gauging stations (Table 2.1). Talladega Creek is 

a 5th order stream with an elongate drainage basin and storm hydrograph that exhibits a 

relatively longer lag to peak than Hillabee and flows along a fault between the Kahatchee 

mountains and the Talladega Hills (Mooney and Mann, 1907). Rainfall, both in total amount and 

intensity, average less than other hydrologic areas in Alabama (USGS, 2010). The watershed is 

80% forested and is interspersed with agricultural and urban areas (USGS, 2014). For nearly 150 

years this area was dominated by agriculture. A Bureau of Soils report stated that in 1907, 80% 

of the county was in agricultural production “excluding only the steepest and stoniest ground” 

(Mooney and Mann, 1907). An additional source of disturbance is that Talladega Creek was 

transected by as many as 13 mill dams during the 1800s with the aforementioned report noting 

the stream “is much utilized now in running grist and saw mills” (Fig. 2.2). One can assume that 

even the land spared from the plow was logged. 

Statistic Talladega Hillabee 

Drainage Area 148 km
2 

196 km
2 

Bench Type Linear Linear 

Bench Levels 3 3 

Slope 2.63 m/km 4.20 m/km 

Sinuosity 1.487 1.516 

Mean Annual Flood 211.29 m
3
/s 240.38 m

3
/s 

 

Table 2.1: Selected data for the Talladega and Hillabee bench complexes 
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Fig 2.2: Impoundments in the Talladega and Hillabee watersheds. 

 

Talladega 

Hillabee 
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The bench complex is comprised of three distinct levels, each having natural levees and 

mature riparian trees, and is located 1 km upstream from a USGS gauging station and .2 km 

downstream from a breached mill dam (Fig. 2.3). The primary vegetation covering the benches 

at this site is Carpinus caroliniana, Platanus occidentalis, Quercus nigra, Fagus grandafolia, 

and Acer rubrum (Fig. 2.4). The channel is quite deep with some undercutting present 

downstream from the bridge and the bed is composed of coarse sand, gravels, and cobbles. The 

upstream end of the reach is transected by coarse woody debris and is bordered on the right side 

by two bench levels and on the left by one high bench. The first bench level on the north side has 

been used as a garbage dump, while the high bench on the left side has an agricultural irrigation 

pump station built onto it. The channel below the pump has been dredged. The floodplain on the 

left side is an agricultural field while on the right it is either forested or developed for housing. 

The center of the reach is crossed by a CSX railroad bridge built in 1886 supported by a single 

pillar in the center of the channel. Immediately downstream of the pillar is a large pool scoured 

into the center of the channel, which is several meters deep. The downstream end of the reach is 

flanked on the right side by three distinct bench levels that are progressively narrower and 

heavily vegetated (Fig. 2.5). The channel side edge of each bench facing the channel has a small 

natural levy. On the left side the channel is flanked by bench levels with the second bench 0.5 

meters above the level of the first. At the downstream end of the lowest bench on the right bank 

is a berm perpendicular to the stream that coincides with the terminus of the bench complex. 
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Fig.2.3: An aerial view of the Talladega site with features of interest delineated.  

 

Fig. 2.4: A view of the bench surface and vegetation on Talladega bench 1. 

 

Imagery: Bing Maps 
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Fig. 2.5: A cross section of Talladega Creek from north to south displaying bench levels 1 and 2. 

Hillabee Creek is a 6th order stream with a compact drainage basin and storm hydrograph 

that exhibits a shorter lag to peak than Talladega. Due to a high infiltration rate that readily 

transmits water to the groundwater reservoir the Hillabee watershed has less runoff than other 

areas of Alabama (USGS, 2010). The watershed is 85% forested with agriculture mainly 

restricted to bottomlands and has very few urban areas. A Bureau of Soils report notes that 

Tallapoosa County was never as intensely cultivated as Talladega due to fragile, nutrient poor 

soils, and steep slopes (Smith and Avary, 1909).  Tallapoosa County, especially in the uplands 

near Hillabee Creek has been heavily logged since the time of European settlement in the early 

1800s (East, 2005). It is difficult to determine the impact of mills on Hillabee Creek.  While 

there is evidence (historic maps, place names, relics, etc.) for multiple mill dams on the 

tributaries, there appears to have been an absence of engineering structures on the main channel. 

However, Smith and Avary (1909) mention the construction of a hydroelectric dam on “Big 

Hillabee” Creek. A local historian noted that early settlers to the area “built numerous water-

powered combination mills, one approximately every five miles along each major road”  (East, 
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2005). This makes the level of anthropogenic disturbance to the watershed difficult to estimate 

but due to the absence of visible or easily identifiable mill structures, this site is assumed to be 

less disturbed than the Talladega site given the ample evidence of mill structures near the 

Talladega site (Fig. 2.2). 

The bench complex is comprised of three distinct levels, the lowest of which appears to 

be periodically reworked (field observation), and is located adjacent to a USGS stream gauge 

(Fig. 2.6). This site is 1 km downstream of the confluence of Enitichopco and Little Hillabee 

Creeks, which form the main channel of Hillabee. The primary vegetation covering benches are 

Quercus nigra, Betula nigra, Ligustrum sinense, Alnus serrulata, Liriodendron tulipifera, and 

Acer rubrum. The channel in this reach is composed of coarse sand, gravel, and large cobbles 

and appears to be an active sediment transport zone. On the upstream end of the left bank is a 

small bar separated from the shore by a deep trough. To the left of the trough is the entrance of a 

flood chute about a meter above the height of the bar. The chute is covered in nearly a half meter 

of very fine sediment and has covered the bases of numerous trees. This chute rejoins the main 

channel about 100 meters downstream forming an arc parallel to the main channel. It is joined 

near the downstream end by a drainage ditch from a pasture located on the floodplain that has cut 

down into the sediment filling the chute. Between the chute and the channel is a large vegetated 

alluvial feature, which for the purposes of this research is termed the central berm (Fig. 2.7). 

Along the face of the berm is a large fine-grained bar that is frequently re-worked, having 

changed in size and shape after storm events that occurred during this study. The entire right side 

of the channel is bordered by a bench surface of varying height behind which is a low area 

backed by a hill. On the downstream end is a low lying bench that is frequently re-worked 
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judging by scour marks. This bench is dissected by a smaller flood chute that connects to a 

backswamp. 

 
 

Fig. 2.6: An aerial view of the Hillabee site with features of interest delineated.  

 

Fig. 2.7: A cross section of Hillabee creek from west to east displaying bench level 2 and the 

central berm. 

Imagery: Bing Maps 
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The three benches of the Talladega site will hereafter be referred to as T1, T2, and T3 with 

T1 being the lowest in elevation and T3 the highest. The benches at the Hillabee site will be 

referred to as H1, H2, and H3, with H1 being the lowest elevation. 

2.3 Methods 

2.3.1 The River 2D Hydrodynamic Model 

While each of the aforementioned hypotheses needed different methods of investigation, 

each shared a need for understanding the range of flows that benches are subjected to, and more 

specifically, what impact these flows have upon the benches. This can be explored using erosion 

pins, clay pads, repeated topographic surveys, or 1, 2, or 3-dimensional numerical or spatially 

explicit modeling (Gonzalez-Diez et al., 2009). Both pins and clay pads take many years of 

monitoring to construct a dataset that covers a large range of flows (Noe & Hupp, 2005) and is 

subject to many inconsistences and errors (Couper et al., 2002). Repeated topographic surveys 

also involve long monitoring periods and are very labor intensive (De Santisteban, Casali, & 

Lopez, 2006). Modeling allows for the repeated simulation of many different types of flows and 

is ideal for identifying and isolating controlling variables (Crowder & Diplas, 2000). 

Furthermore, modern spatially explicit models provide results that are easy to interpret and 

display. Taking these factors into consideration spatially explicit modeling was chosen for this 

research. 

 The River 2D hydrodynamic modeling software was selected to model stream velocities 

in the reaches near the benches. River 2D is a two-dimensional, finite element, depth-averaged 

hydrodynamic model developed for evaluating fish habitat. Like all 2D models, it solves for the 

mass conservation equation (Eq. 2.1) and two horizontal components of momentum conservation 
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(Eq. 2.2) with the model output being two velocity components with depth at each node (Steffler 

and Blackburn, 2002).  

The Continuity equation is as follows: 

Q = AV        (Eq. 2.1) 

where: Q  = discharge 

A = cross-sectional area (m
2
) 

V = velocity of the fluid (m/s) 

The Conservation of Momentum equation is as follows: 

ρ(Dv/Dt) = -∇p + ∇ * T + f      (Eq. 2.2) 

where: v = velocity (m/s) 

ρ = fluid density (kg/m
3
) 

p = pressure (N/m
2
) 

T = component of the total stress tensor (n*σ) 

f = body forces acting on the fluid (m/s
2
) 

∇ = del operator  

The inputs for the model are a computational boundary and a file containing time varying 

discharge data. While a three dimensional model would more accurately represent the channel 

geometry and velocity vectors the additional complexity added to the data collection and model 
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building process necessary to do so was not feasible given the timeframe and budget of this 

study. Additionally, River 2D was selected because it is well documented, and it is the same 

model used by Vietz (2011) thus allowing comparability. To perform a simulation, River 2D 

requires a topographic representation of the channel to be modeled, an estimate of the water 

surface elevation at the upstream and downstream ends of the reach, the discharge of the flow 

entering the reach, and an estimate of Manning’s roughness coefficient. The output of the model 

is the water surface elevation and velocities across the reach, which permitted the calculation of 

shear stresses affecting benches. 

 2.3.2 Data Gathering and Model Building 

 Before any flows can be modeled a high resolution mesh must be created to serve as the 

confining topographic boundary of the computations. This layer defines the depth of flow and 

captures the subtle flow variations that determine velocity vectors within the stream (Steffler and 

Blackburn, 2002). This is the most critical component of the modeling process as mistakes made 

in representing surface elevations could invalidate the results of the model. The computational 

mesh is derived from topographic survey points recorded from field surveys. Using a CST-

Berger Total Station bench topography was surveyed in a grid pattern along the reach containing 

the benches for a length equivalent to 8 times the width of the channel (Harrelson et al., 1994). 

Instrument setups were positioned to capture significant breaks in topography while minimizing 

the number of setups (Fig. 2.8). The channel was surveyed using cross-sections spaced at 

approximately 10 meter intervals. Emphasis was placed upon collecting points in areas of rapid 

elevation change, near the benches themselves, and near any potential flow obstructions. These 

data were imported into ArcGIS 10.1 where the edge of significant features such as toe of bank 
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and edge of bench were specifically delineated as were any topographic anomalies which might 

have influenced flow velocity or direction (Steffler and Blackburn, 2002). 

 
 

Fig. 2.8: An idealized diagram of the total station survey with black lines representing lines of 

sight and yellow circles representing total station setup locations. 

Nine sediment samples were taken from bench surfaces at each study site. These samples 

were dry sieved and a particle size analysis undertaken according to standard methods (Gee & 

Bauder, 1986) to determine the d15, d50, and d84 particle sizes. The d15, d50, and d84 particle 

sizes from the nine sediment sampling points were averaged for each site to simplify the 

modeling process. Density of sediment affects particle entrainment and deposition and due to the 

geology of the region the parent material of all particles was assumed to be quartz. The critical 

shear stress of each particle size was calculated by using linear regression, which permitted 

values of critical shear stress to be determined from values published by the USGS (Berenbrock 

and Tranmer, 2008). The settling velocity for each particle size was determined using the settling 

velocity of quartz sand calculated by Soulsby (1997). 



34 
 

Water surface elevations at the upstream and downstream ends of the reaches were not 

determined in the field due to the difficulty inherent in this activity. They were instead estimated 

using USGS data since these sites have good proximity to a gauging station. The stage of the 

stream at the gauging station for each discharge at the Hillabee site was used as the downstream 

water surface elevation, since it coincided with the terminus of the surveyed reach. The upstream 

water surface elevation was calculated using the slope of the stream bed divided by the distance 

from the gauging station added back to the stage for each discharge. This is a reasonable 

approximation due to the close proximity of the gauging station. The same method was used to 

calculate the water surface elevation values for the Talladega site. 

To determine surface roughness ks multiple photographs of the bench surfaces were taken 

and compared to the photographs of forested floodplains provided by the USGS (Arcement & 

Schneider, 1990) to obtain Manning’s roughness values. Roughness values for unvegetated 

portions of the reach were also obtained using USGS tables (Berenbrock & Tranmer, 2008). 

Manning’s roughness values were converted to surface roughness values using a tool included in 

the River 2D modeling package. To account for the influence of vegetation, each discharge was 

modeled twice, once with roughness values accounting for vegetation and once without. The 

scenario that did not account for vegetation used only the average particle size as a measure of 

surface roughness. The results of the simulations were compared using a paired t-test. 

 The topographic survey points were then edited using R2D Bed, included in the River 2D 

software package, and the external boundary of the dataset delineated and break lines added to 

delineate important features, such as edge of bank. R2D Bed uses an algorithm to create 

elevation contour lines by interpolating between survey points, creating an elevation surface with 

smooth transitions. This elevation file was transformed into a computational mesh using the R2D 
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Mesh Editor. The first step in mesh building is to generate boundary nodes along the 

computational boundary generated in R2D Bed. Each node contains elevation and roughness 

information. Then breaklines must be retraced to preserve their representation in the mesh.  The 

internal area of the mesh is completed by filling it with nodes at the desired spacing. This 

presents a tradeoff as more nodes mean a higher degree of accuracy but also increased 

computation time. The nodes are then triangulated to create the mesh. To increase the accuracy 

of the mesh it must be smoothed to remove triangulation anomalies and reduce high elevation 

difference areas. The Mesh Editor provides an estimate of the quality of the mesh referred to as 

QI (quality index), which is the ratio of triangle area to circumcircle area normalized to the 

corresponding ratio for an equilateral triangle (Steffler and Blackburn, 2002).  Thus, an ideal 

mesh would have a QI value of 1 but values between 0.1 and 0.5 are considered acceptable 

(Steffler and Blackburn, 2002). Both the Talladega and Hillabee sites were able to obtain QI 

values of 0.29 and 0.5, respectively. 

 2.3.3 Performing Model Simulations 

River 2D is the software that performs the actual flow simulations. It does so based on 

the upstream and downstream water surface elevations provided by the user and the bed 

topography, it generates the wetted perimeter of the computational mesh. Since the upstream and 

downstream water surface elevations provided for a given discharge are only estimates, it is 

sometimes necessary to alter them when the model fails to achieve equilibrium between input 

and output discharges. During the simulation the model attempts to solve the St. Venant 

Equations of mass and momentum while the friction slope, which simulates resistance, is 

calculated from the surface roughness values (Steffler and Blackburn, 2002). Turbulent shear 

stresses that may affect the velocity vectors are modeled using a Boussinesq type eddy viscosity 
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formulation. The finite element method is used to discretize an infinite number of equations into 

a set of equations at each node in the model mesh. The method used by River 2D is the 

Streamline Upwind Petrov-Galerkin weighed residual formation, which is fully conservative and 

insures no fluid mass is gained or lost. This method results in a set of non-symmetric, non-linear 

equations that are solved in River 2D by the Newton Raphson iterative method that uses the 

solution of the unknown values of the previous time step as a “guess” for the solution of the new 

time step. If this “guess” is incorrect a residual must be solved using a Jacobian Matrix and an 

iterative version of the Generalized Minimal Residual Method that will attempt to make the 

residual as small as possible (Steffler and Blackburn, 2002). The model is solved in a series of 

time steps where the time step begins as a nominal value and each subsequent time step is 

calculated as the previous time step multiplied by the ratio of goal to actual solution change. If 

the actual solution change is less than 1.25 times the goal solution change the next time step is 

begun. Simulations were performed at each site both for vegetated and unvegetated scenarios for 

discharges between benchfull and 300 m
3
/s. Benchfull flow was the referred to as the discharge 

at which the water begins to spill on the bench surface in the simulations. 

Validation of this type of model would ideally consist of measuring many points at a 

series of depths with an Acoustic Doppler Velocimeter (ADV), averaging the results, and 

comparing them to the output generated by the model at the same discharge. This was not 

possible during the field season as an ADV was not available. Therefore, two coarse scale 

assessments of accuracy were employed. The first consisted of determining that model inflows 

were within acceptable levels of model outflows, a difference of less than 1 percent (Steffler and 

Blackburn, 2002). The second involved solving the Continuity equation (Eq. 2.1) for discharge 

using the cross-sectional area at the downstream end of the reach and using the velocity output 
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generated by the model. If the discharge exiting this portion of the reach approximately equals 

the discharge entering the reach, then one can assume the model is reasonably accurate. 

2.3.4 Determining Intervals of Deposition and Erosion 

One meter resolution was chosen for the model output as it is sufficient for identifying 

most spatial processes but does not result in files that slow processing times significantly. For 

each simulation, the output for x and y position of the node, velocity magnitude, depth, and the 

representation of surface roughness were exported and combined into an Excel spreadsheet. To 

calculate shear stress (τ) using velocity as the independent variable this version of the Einstein 

equation (Einstein, 1950) was used:  

The Einstein equation is as follows: 

τ = ρμ
2
/ [ 5.75 log (12.27 y0 / ks ) ]

 2        
(Eq. 2.3) 

Where: ρ = density of the fluid (kg/m
3
) 

μ = depth averaged velocity (m/s) 

y0 = flow depth (m) 

ks = roughness height (s/m
1/3

) 

This equation was selected as it accepts velocity (the output of River 2D) as a parameter, the 

output of River 2D. Shear stress was calculated for each node in the simulation output. A 

spreadsheet of shear stress data were then imported into ArcGIS 10.1 and converted to a 

shapefile format.  
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The effects of each simulation on three bench surfaces were modeled at both the 

Talladega and Hillabee sites (Fig. 2.9; Fig. 2.10). The benches were delineated in ArcGIS after 

importing the bed elevation file generated by R2D Bed using a 0.5 m resolution. Each bench 

surface was digitized as a separate polygonal shapefile that was then used to create a point 

shapefile using 1 m spacing. To assess the amount of erosion or deposition occurring on each 

bench surface the point shapefile representing the shear stress calculated from the model output 

was queried to determine if the shear stress at each point was greater than the critical shear stress 

for the d15, d50, and d84 particle sizes. Each bench point shapefile was then spatially queried to 

determine if the location of its points overlapped selected points from the output shapefile. The 

number of bench points selected by this query was then divided by the total number of points 

representing the bench to determine what percentage of the bench surface was subjected to 

erosive flows at a given discharge. To determine the percentage of the bench surface subjected to 

depositional flows the same process was used, except the query determined whether the velocity 

at the given point was lower than the settling velocity of each particle size. 

 

Fig. 2.9: The three benches delineated from the topographic survey at the Talladega site that 

were used in the modeling process. Dark blue represents the lowest elevations while dark red 

represents the highest. 
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Fig. 2.10: The three benches delineated from the topographic survey at the Hillabee site that 

were used in the modeling process. Dark blue represents the lowest elevations while dark red 

represents the highest. 

The results of the steps mentioned above for each bench surface were placed in a 

spreadsheet and converted to graphs displaying the percentage of erosive flows and depositional 

flows for each particle size at a given discharge. Discharges where the percentage of the bench 

predicted to experience deposition was greater than the percentage of the bench predicted to 

experience erosion were considered to be deposition dominated flows, while discharges where a 

higher percentage of the bench experienced erosion where considered to be erosion dominated. 

The point where the two trend lines cross was considered to be the threshold for net erosion (Fig. 

2.11). Thus, the recurrence interval for the flow that reaches the erosive discharge is an estimate 

of the timescale at which a particular bench is eroded and represents the combined hydrologic 

and hydrodynamic control on that bench. 
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Fig. 2.11: An idealized representation of erosion thresholds on benches demonstrating the 

effected results of the hydrodynamic modeling. As velocity increases the percent of the bench 

surface being exposed to deposition should decrease. 

Since determining the timescales on which benches are created and destroyed depends on 

associating erosive discharges with its recurrences interval it is crucial to accurately measure 

recurrence intervals at each site. This is complicated by the periodic droughts that affect the 

Piedmont as recurrence intervals calculated using data from the last thirty years will not equal 

recurrence intervals calculated using their entire hydrologic record. To obtain accurate 

recurrence intervals and to assess the role of climate and land use change in bench formation the 

pre- and post-1985 recurrence intervals were compared. The year 1985 was chosen as the 

dividing line since it represents the beginning of the current drought dominated cycle occurring 

in the Piedmont (Sun et al., 2008; Royall et al., 2010).  Recurrence intervals were calculated 

according to standard methods (Klingeman, 2005), which involved developing a regression 

equation that predicted recurrence interval from discharge. The recurrence intervals of benchfull 

flow and the threshold for bench erosion were calculated using this linear regression equation. 

The hydrologic record was divided into two groups, flows that resulted in deposition on the 



41 
 

bench surface and flows that eroded the bench surface. These groups were further divided into 

pre- and post-1985 flows to determine whether benches are either currently eroding or aggrading. 

 2.3.5 Evaluating Areas of Reverse Flow 

To determine whether a reverse flow environment plays a role in bench formation each 

River2D simulation output was visually inspected for evidence of persistent areas of reverse flow 

(reverse flow that is present throughout a range of discharges). To do this velocity vectors were 

added to the model output at a 1 meter resolution. For any simulation that generated a region of 

reverse flow, the discharge, the spatial extent along the horizontal axis, the proximity to a bench 

surface, and the persistence of the reverse flow environment were recorded in a spreadsheet. A 

persistent area of reverse flow was interpreted as having the potential to significantly alter 

alluvial features. 

2.4 Results 

 2.4.1 Model Performance 

 A total of 92 simulations were performed for the Hillabee and Talladega sites (Fig. 2.12). 

The mesh developed for the Talladega site had a QI value of 0.29, while the Hillabee site 

achieved a value of 0.50, both well within the tolerances suggested by River 2D’s user manual 

(Steffler and Blackburn, 2002). Each simulation was able to achieve a steady state with change 

values less than 0.0001. All model simulated outflows were within 1 % or less of model inflows. 

When the results of each simulation were inserted into the Continuity equation (Eq. 2.1) the 

output was within 5 % of the input discharge (Table 2.2). Visual inspection of the simulation 

outputs did not reveal any obvious anomalies or errors. It should be noted that all model outputs 

are only estimates of velocity and deposition and erosion percentages are also estimates. 
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Fig. 2.12: Example of a typical model output from the Talladega site. Dark blue represents the 

lowest predicted velocities while yellow represents the highest predicted velocities. 

Stream Input Q  (m
3
/s) Output Q (m

3
/s) % Difference 

Talladega 100 100.5 0.50% 

Talladega 140 129.36 -0.50% 

Talladega 200 198.75 -0.60% 

Hillabee 50 50.64 1.20% 

Hillabee 100 105.11 5.10% 

Hillabee 150 146.6 -2.30% 

 

Table 2.2: The discharge output from the hydrodynamic model vs. the discharge calculated by 

the Continuity equation (Eq. 2.1). 

 At the Talladega Site the d15 particle size was determined to be 56.79 μm, the d50 

particle size was 215.96 μm and the d84 particle size was 763.17 μm (Table 2.3). At this site the 

roughness of the channel bed varied between 0.035 and 0.048 s/m
1/3

. The heavily vegetated areas 

were assigned a roughness of 0.22 s/m
1/3

, and grassy areas were assigned a roughness of 0.025 

s/m
1/3

. At the Hillabee Site the d15 particle size was determined to be 53.38 μm, the d50 particle 

size was 111.18 μm, and the d84 particle size was determined to be 194.85 μm. Areas of mature 

vegetation at the Hillabee site were assigned Manning’s roughness values between 0.18 and 0.22 

s/m
1/3 

based on the density of vegetation undergrowth, as determined from photographs. The 

channel bed at the Hillabee site was assigned an average roughness of 0.035 s/m
1/3

, while the 

flood chute and marginal deposits were assigned a roughness of 0.02 s/m
1/3 
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Stream Percentile Mean Size (μm) Critical Shear Stress (Pa) Settling Velocity (m/s) 

Talladega d15 56.79 0.0105 0.003 

Talladega d50 215.96 0.1814 0.04 

Talladega d84 763.17 0.3159 0.1 

Hillabee d15 53.38 0.1026 0.003 

Hillabee d50 111.18 0.1377 0.01 

Hillabee d84 193.85 0.172 0.025 

 

Table 2.3: Results of the particle size analysis for the Talladega and Hillabee sites and the critical 

shear stress and settling velocity for each particle size. 

 2.4.2 Vegetated vs. Unvegetated Simulations 

 At the Talladega site the flow simulations lacking vegetation on bench surfaces predicted 

less deposition at all modeled discharges than the simulations with vegetation (Fig. 2.13; 2.14). 

These simulations also predicted higher erosion on benches when vegetation is accounted for. An 

independent samples t-test confirmed the statistical significance between the sets of simulations 

(p = 0.0035). The vegetated vs. unvegetated simulations from the Hillabee site showed the same 

pattern of predicted erosion as the simulations for the Talladega site for all discharges and 

benches (Table 2.4). 
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Fig. 2.13: The percent deposition predicted to occur on T1 for vegetated (veg) and unvegetated 

(unveg) simulations. 

 

Fig. 2.14: The percent erosion predicted to occur on T1 for vegetated (veg) and unvegetated 

(unveg) simulations. 
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Site Simulation 

d15 

(m
3
/s) 

Max 

Deposition % 

d50 

(m
3
/s) 

Max 

Deposition % 

d84 

(m
3
/s) 

Max 

Deposition % 

T1 Vegetated 50.00 7.32 80.00 26.43 133.00 47.44 

 

Unvegetated 50.00 1.46 135.00 16.34 218.00 28.25 

T2 Vegetated 145.00 7.54 210.00 36.11 230.00 62.3 

 

Unvegetated 130.00 3.97 230.00 15.87 > 300.00 25.79 

T3 Vegetated 100.00 null 145.00 8.62 155.00 17.59 

 

Unvegetated 110.00 null 160.00 4.48 230.00 13.44 

H1 Vegetated 60.00 null 60.00 1.12 60.00 2.84 

 

Unvegetated 60.00 null 60.00 15.96 95.00 58.16 

H2 Vegetated 100.00 null 100.00 0.37 100.00 0.78 

 

Unvegetated 100.00 null 100.00 null 100.00 0.78 

H3 Vegetated 240.00 1.09 > 300 20.22 > 300 40.84 

 

Unvegetated > 300 6.55 > 300 27.32 > 300 34.43 

 

Table 2.4: A comparison between erosion thresholds and area of maximum deposition for 

simulations accounting for vegetation and those that did not at the Talladega and Hillabee sites. 

 2.4.3 Intervals of Predicted Deposition and Erosion 

 In the following sections, all discussion of modeling results is in relation to vegetated 

simulations since they represent the actual condition of the benches. Additionally, more detail is 

provided for the d84 particle size when discussing erosion and deposition. 

 At the Talladega Site all modeled bench surfaces were predicted to experience deposition 

at a range of discharges. This set of simultaneous processes was predicted to occur on each 

bench surface throughout the range of discharges from benchfull until a discharge is reached 

when the bench is (in theory) dominated entirely by deposition. T2 (Fig. 2.15) illustrates this 

effect as it was predicted to experience deposition of the d84 particle size at 90 m
3
/s and begins 

to experience erosion of the d15 particle size at 120 m
3
/s.  All three bench surfaces were 

predicted to become dominated by erosion for the d84 particle size at discharges greater than 

250% of benchfull flow (Table 2.5). The transition from deposition to erosion dominated flows 

(Fig. 2.16) closely mirrored the predicted relationship (Fig. 2.11). 
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Fig. 2.15: The percent of T2 predicted by the model to be subjected to erosion (E) and deposition 

(D) for each particle size for a specific discharge. 

 

Fig. 2.16: The predicted threshold for deposition on bench 1 at the Talladega site for the d84 

particle size based on the model predictions. 
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Bench Level 

Deposition Q 

 Range (m
3
/s) 

Erosion Q  

Range (m
3
/s) 

T1 40 - 140  > 140 

T2 90 - 230 > 230 

T3 95 - 150 > 150 

H1 null > 60 

H2 null > 100 

H3 130 - 270 null 

 

Table 2.5: The discharge intervals for deposition and erosion of the d84 particle size for benches 

at the Talladega (T) and Hillabee (H) sites.  

 An analysis of the USGS gauging data has shown that since 1985, when the Talladega 

gauging station was re-opened, T1 and T2 experienced 2.1 and 3.5 times as many depositional 

flows as erosive flows (Table 2.6). In contrast T3 has experienced more erosive flows than 

depositional flows. Flows that exceed the threshold for erosion are classified as erosional only 

(Table 2.6).  

Flow Type T1 T2 T3 

Deposition 32 7 6 

Erosion 15 2 8 
 

Table 2.6: The number of times each bench level at the Talladega site has been exposed to 

deposition or erosion of the d84 particle size since 1985.  

 At the Hillabee site H1 and H2, the lowest elevation bench surfaces, were predicted to be 

dominated by erosion for all discharges meeting and exceeding benchfull flow for the d84 

particle size as shown in (Table 2.5). Not only were these benches predicted to be dominated by 

erosion, but they failed to have even one percent of the bench surface experience deposition for 

even the d84 particle size. H3, the highest of the benches, was predicted to be dominated by 

erosion throughout the range of simulated discharges for the d84 particle size.  This result 
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contrasts the results from the Talladega site where the higher benches were predicted to have less 

deposition than lower benches. The recurrence interval for the threshold for erosion on H1 was 

0.12 years and 0.3 years on H2. The threshold for deposition for H3 was 0.51 years. 

 2.4.4 Areas of Reverse Flow 

 Visual inspection of velocity vectors for the Talladega site revealed many areas of 

predicted reverse flow throughout the range of modeled discharges. However, these were 

typically small, isolated areas and were not persistent. An exception was a large eddy that 

developed over T1 at 60 m
3
/s and extended from the middle of the bench to the downstream end 

(Fig. 2.17). As the discharge increased the eddy gradually decreased in size beginning in the 

middle toward the downstream end but almost entirely dissipated at 100 m
3
/s. The center of the 

eddy corresponds with the widest area of the bench and the presence of a small drainage ditch 

that has cut through the bench surface, creating what is likely a flow expansion zone. The 

discharges at which the eddy was present also corresponded with the interval of peak predicted 

deposition on T1. No areas of reverse flow were predicted by the model to occur over T2 and T3. 
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Fig. 2.17: A reverse flow that was predicted to form over T1 at the Talladega site during a River 

2D simulation with an input discharge of 60 m
3
/s. Dark blue represents lower velocities, red 

represents higher velocities. 

 At the Hillabee site multiple large areas of reverse flow occurred within the channel 

throughout the range of simulated discharges. The two largest and most persistent were predicted 

to appear at the upstream and downstream ends of the flood chute that created flow expansion 

zones.  An eddy appeared at the downstream end at 30 m
3
/s and at the upstream end at 60 m

3
/s, 

and persisted throughout the range of modeled discharges. A large area of reverse flow 

developed over H2 at 90 m
3
/s and persisted until 150 m

3
/s, but the velocities are not low enough 

to encourage deposition. A much smaller eddy appeared over H3 beginning at 180 m
3
/s and 

persisted until 230 m
3
/s (Fig. 2.18). This corresponded with the interval of peak deposition for 

H3. No eddies were predicted to form over H2 at any discharge. 
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Fig. 2.18: Reverse flow that was predicted to occur over H3 at the Hillabee site during a River 

2D simulation with an input discharge of 180 m
3
/s. Dark blue represents lower velocities, red 

represents higher velocities. 

2.5 Discussion 

2.5.1 Model Accuracy 

 Before examining the results of the River 2D hydraulic modeling several things should be 

noted. The first is that despite the model predicting erosion over a certain percentage of the 

bench surface in reality it is unlikely for this entire area to be subjected to erosion. Some sections 

of the bench are protected by root reinforcement, large woody debris, and the basal area of 

mature vegetation. Likewise the presence of these materials can encourage localized deposition 

by either catching sediment or shielding areas from erosive flows. Also these materials can 

create sheltered areas on their leeward sides allowing deposition to occur and eddies to form that 

significantly lower velocities over small areas. None of the factors mentioned can be captured in 
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the River 2D model since surface roughness is only used by the model to provide an estimate of 

drag slowing water and not as an actual representation of the heterogeneity of the surface 

topography. Additionally, discharges that reach the threshold for erosion are likely to still cause 

deposition on the falling limb of the hydrograph. Finally, the model is only as accurate as the 

topographic survey used to construct bed topography. While care was taken to represent the 

topography of the benches as accurately as possible it is likely that some details of bench 

topography were not captured. Based on the aforementioned factors, it is likely that overall the 

model over-predicts erosion and under-predicts deposition for all simulations. 

 Regarding the accuracy of the simulations, as stated previously, every possible step was 

taken to ensure model accuracy with the exception of validating velocity with field 

measurements. However, some validation of the model was undertaken by comparing the 

velocity vector patterns to observed erosion and deposition patterns at the more hydro-

geomorphically complex Hillabee site. This site contained a flood chute and a fine-grained bar in 

addition to benches. The velocity patterns predicted by River 2D aligned well with these features 

whose origins can be explained by examining the simulation results throughout the range of 

discharges. 

 Beginning at 30 m
3
/s

 
areas of low velocity reverse flow were predicted to develop over 

the bar beside the right bank of the upstream end of the reach and at the entrance of the flood 

chute which is a very fine-grained bar. Beginning at 40 m
3
/s

 
the area of reverse flow adjacent to 

the flood chute began to extend upstream over the bar that lies along the center berm. At 60 m
3
/s

 

the reverse flow over the bar at the upstream end of the reach began to migrate into the upstream 

end of the flood chute, while the reverse flow at the downstream end moved up the outlet of the 

flood chute. At 70 m
3
/s

 
a series of large eddies develop over the bar along the middle of the 
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center berm. As the discharge increased these eddies migrated along both the downstream end of 

the flood chute and over the berm. At 180 m
3
/s

 
a small eddy was predicted to develop over H3 

and beginning at 250 m
3
/s

 
large eddies developed over the flood chute. Each of the areas of 

reverse flow the model predicted to develop occurred over fine-grained deposits. Therefore, the 

predicted velocity vectors correspond with observed areas of deposition, providing a qualitative 

assessment of the model’s accuracy.  

2.5.2 The Influence of Vegetation 

 The model simulations confirmed with the work of Corenblit (2007) and others (Steiger 

et al., 2001; Erskine, et al., 2008) in predicting that vegetated areas would receive significantly 

more deposition than unvegetated areas due to lower water velocities from drag caused by the 

vegetation. An unexpected result, and one previously undocumented, was greater erosion being 

predicted by the model for simulations representing the effects of vegetation. This result appears 

contradictory but can be explained by considering the Continuity equation (Eq. 1). By increasing 

surface roughness the velocities over vegetated areas are reduced. However, the discharge 

exiting the reach remained constant. Accordingly, either the cross-sectional area of the reach or 

the average velocity of the water or both must increase. Cross-sectional area was predicted to 

increase (via increased water depth) in the model simulations as benchfull discharge was higher 

in the simulations not representing the effects of vegetation than in the simulations accounting 

for vegetation. Velocities were also predicted to increase within channel and along the bench 

face in the simulations accounting for vegetation. Thus, while velocities further from the channel 

were greatly reduced, velocities adjacent to the channel were predicted to increase (Fig. 2.19). 

This resulted in simultaneous deposition and erosion predicted on individual benches but with 

erosion occurring on bench edges and faces and not in vegetated zones. 
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Fig. 2.19: The Talladega site simulated at 90 m
3
/s with vegetation (A), the same site without the 

influence of vegetation (B). Dark blue represents lower velocities, red represents higher 

velocities. 

 As noted previously, modeled surface roughness (ks) does not represent the bench 

surface accurately since it assigns a homogenous roughness value over entire bench surfaces and 

does not enforce no-flow areas. The actual bench surface is covered with mature vegetation that 

is densest near the channel due to the greater available light and thins inward. Indeed at both the 

Talladega and Hillabee sites the interior areas of the bench are much more open relative to the 

front of the bench. Thus, as water flows over the bench it is forced to flow around obstructions in 

its path. The velocities adjacent to the obstructions are likely greatly slowed and channeled 

toward obstruction free zones. Velocities in these areas would likely increase in response to the 

increased volume of water needed to pass through. Small “jets” of higher velocity flow would 

A

. 

B

. 
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develop and presumably scour the bench surface carving channel like grooves in the topography 

of both the Talladega and Hillabee bench surfaces (Pankau et al., 2012). At T1, small grooves 

about 10 cm deep run both parallel and perpendicular to the channel across all three benches. On 

H1 a series of small swales and ridges cross the bench parallel to the stream. The contradictory 

effects of vegetation predicted by the model offer an explanation for how this topography 

developed. 

 Overall it appears that vegetation does serve to stabilize and protect the bench surface 

from scour. A bench colonized by vegetation would aggrade at a faster rate and become a more 

permanent feature. The negative effects of increased scour over localized areas does not 

outweigh the much larger areas where deposition is encouraged and the surface is protected from 

scour entirely. However, as these simulations were conducted using a two dimensional model it 

is difficult to predict the impact of undercutting from large flow events. Moreover the modeling 

was not constructed to account for this. Thus in the incised streams of the Piedmont the presence 

of vegetation may not lead to increased longterm bench stability. 

2.5.3 The Long Term Stability of Benches 

 The Talladega and Hillabee sites yielded very different results when evaluating the types 

of flows that could destroy the benches at each site. This prohibits making a general statement 

regarding bench stability in the Piedmont or about linear benches as both are of the same type. It 

is prudent to treat them separately and acknowledge any predictions made about bench stability 

must consider the particle size distribution of the bench, its vegetative cover, and the flow regime 

of the stream. 
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 Benches at the Talladega site appear to be stable. The erosion threshold for T1 is 140 

m
3
/s for the d84 particle size a (flow with a recurrence interval of 2.91 years post-1985). The d84 

particle size is significant as fine winnowing could lead to the development of an armor layer. 

Optimal deposition (47% predicted deposition predicted by the model) of this particle size 

occurred from 60 to 70 m
3
/s, having a recurrence interval of 1.25 years. While the amount of 

deposition per year is difficult to estimate and is dependent upon sediment supply, the presence 

of breached mill dams, undercut banks, and agricultural fields upstream suggests ample sediment 

supply and aggrading conditions overall. T2 and T3 are now infrequently inundated due to either 

down cutting of the stream, changes in stream hydrology, or a combination of the two. 

Interestingly although T2 is inundated at a lower stage than T3 the interval for deposition for 

bench 3 is considerably narrower than for T2. The slightly narrower channel on the upstream end 

of the reach may cause velocities to be higher over T3. Thoms and Olley (2004) suggested 5 to 

15% percent of bench sediment is re-worked on 20 year timescales, and this research does not 

appear to contradict that conclusion. Due to the decreasing frequency of large flow events at this 

site, and the presence of mature, late successional trees along the bench face that appear to be in 

excess of fifty years in age (Zimmerman 2012), the Talladega benches appear stable over periods 

of fifty to one hundred years. 

The question remains, what magnitude of flows are needed to erode benches at the 

Talladega site? The largest flow on record for this site occurred on March 29, 1951 as the result 

of the passage of a large mid-latitude cyclone that produced 18.54 cm of precipitation at the 

Talladega weather station (NWS, 2014). Extensive flooding occurred both up and downstream 

from Alpine and many bridges were damaged. The heavy precipitation resulted in a discharge of 

1150 m
3
/s, a flow with a recurrence interval of 282 years, which the USGS called “most 
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outstanding” (USGS, 1954). Because the geomorphology of this site in 1951 is unknown, the 

effects of this event cannot be simulated. However, it is possible to simulate what effects would 

occur if an event of this magnitude happened at the site today. Using River 2D and the 

information provided by the USGS a flow equal in magnitude of the 1951 event was simulated 

on Talladega Creek. 

 Surprisingly this flow was not of sufficient magnitude to reach the apparent floodplain. 

Indeed a USGS report on the site from 1901 stated that locals claimed the site “never floods.” 

This flow also did not result in 100 % predicted erosion of the surface of either T1 or T2 for the 

d50 particle size (Table 2.7). Because benches often display downward coarsening (Erskine and 

Livingston, 1999; Zimmerman, 2012) erosion of the bench surface uncovers sediments that are 

increasingly difficult to transport. Furthermore, the velocities over all bench surfaces were less 

than 2.5 m/s. While velocities of this magnitude are quite powerful, they should not be strong 

enough to uproot mature trees when the water only rises 2 meters up the trunk. This is confirmed 

by aerial photographs from 1968 (GSA, March 23
rd

, 2013) showing mature vegetation covering 

the bench surface. Also, many small shrubs and plants would be flattened on the surface offering 

some protection from erosion. Considering this information it does not seem likely that the flood 

of 1951 was of a sufficient magnitude to substantially alter the benches at this site. 

Particle  

Diameter Percentile T1 T2 T3 

d15 100.00% 100.00% 100.00% 

d50 98.17% 96.43% 100.00% 

d84 97.07% 86.50% 100.00% 

 

Table 2.7: Erosion predicted by the simulation of a 1150 m
3
/s flow at the Talladega Creek site 
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One likely consequence of this flood was scour of the channel bed in locations with 

predicted velocities within 4.5 to 7.5 m/s
2
. Because excess water could not spill onto the 

floodplain, in-channel velocities had to increase to accommodate the large volume of water 

moving through the reach. These high velocities could have destroyed the old railroad bridge 

pilings as the current pillar appears much younger than the trestle. No information could be 

found to confirm or refute this though efforts were made through contact with CSX and the 

National Bridge Inventory. An engineering report on bridge scour (Curry et al., 2002) noted over 

a meter of deposition around the bridge pilings 1 km downstream of the Talladega site since the 

bridge was constructed in 1956 and a 2 m increase in channel width. This could indicate the 

channel is undergoing recovery from the 1951 flood and corresponds with Erskine’s (1999) and 

Thoms and Olley’s (2004) observations of channels widening and then aggrading after large 

floods as the sediment wave passes through a reach. 

 Erskine (1999) suggested that “catastrophic floods” were necessary to destroy benches. 

He defined catastrophic floods as floods with a discharge in excess of ten times the mean annual 

flood. The 1951 flood at Talladega was only 5.44 times the magnitude of the mean annual flood 

at this site, and therefore, observations from the Talladega site suggest a flood with a recurrence 

interval of greater than 1000 years would be required to destroy benches at this site. However, 

this estimate is contingent on sediment supply remaining the same. Vietz (2008) suggested that 

benches are destroyed by prolonged low flow caused either by drought or by stream 

homogenization. Under these circumstances benches are no longer supplied with sediment and 

become undercut. While it has long been thought that the presence of dams could create benches 

(Changxing et al. 1999) they may have the opposite effect on existing benches by homogenizing 

the flow regime of a stream. 
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 The Hillabee site was predicted to have much higher velocities over benches than at the 

Talladega site, and these higher velocities in combination with a much smaller d50 particle size 

explains why so little deposition was predicted to occur in simulations for this site. Based solely 

on the results of the model, it would appear the benches at Hillabee are not stable and will 

gradually erode in the future in absence of higher flows or increased sediment supply. However, 

this site is one of the sites surveyed by Kilpatrick and Barnes in 1961 showing the benches were 

already fully formed features at that time. The deposition around tree boles in the flood chute 

was also noted by Kilpatrick and Barnes (1964) at many bench sites. The hydrology at this site is 

very different than Talladega (USGS, 2014). While wider, the channel is much shallower and 

while a 200 m
3
/s flow at Talladega is rare, this represents a recurrence interval of only 1.02 years 

at Hillabee. Stage also increases much more rapidly as for example, the 1.02 year flow at 

Hillabee raises the water level to a depth of about 5.5 m and inundates all bench surfaces in the 

area and its banks. Upstream of the study site contemporary deposition of coarse sands over 4 m 

above the channel bed were observed during the study period showing the high competency of 

the stream and leading to the question of how benches at this site formed. 

One possibility is that the Hillabee benches have been created by or in part by 

downcutting in a manner similar to that described in the channel evolution model (Simon and 

Hupp, 1992) where some combination of upland erosion and prolonged low flow resulted in 

sediment accumulation within the over-widened channel. Through the subsequent years as the 

“wave” of sediment has passed, the stream has cut through these sediment deposits. This would 

aid in explaining the increase in bench height noted by Royall et al. (2010). Additionally, the 

presence of extensive bars both up and down-stream, perhaps more than should be expected in a 

confined, pool-riffle sequence, suggests ample sediment supply from upstream erosion. 
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Another possibility is that such a vast amount of sediment is available that despite the 

less than ideal conditions for deposition predicted by the simulations deposition still occurs on 

the falling limb of the hydrograph. Thus, during high flows the stream reaches its transportation 

capacity. As mentioned earlier a limited number of surface samples were collected. Fine 

sediment deposited during recent high flow events may have been over represented in the 

samples as a result. There is also evidence to support the passage of a “wave” of sediment 

through this reach. Local landowners (personal communication, December 14
th

, 2012) claimed 

the “EPA” fined one man following logging of a streamside area upstream for the large amount 

of sediment eroded into Hillabee Creek. A tributary of Hillabee called Town Creek is almost 

completely choked by over 2 meters of coarse sand. Half a km downstream a flood chute 

transecting a high point bar is also choked by sediment. The extensive bars that characterize 

Hillabee Creek do not occur more than 1 km downstream of the study site, indicating the wave 

may not have yet reached that point. Given all the information at hand, this scenario seems most 

plausible. 

2.5.4 The Role of Reverse Flow in Bench Development 

It is difficult to assess directly to what extent areas of reverse flow dampen velocities 

over benches at the study sites. While many small zones of reverse flow developed within the 

model simulations they tended to be short lived. Many of these small zones were located over the 

bench face near projections that deflected the flow. The larger more persistent areas of reverse 

flow were located in expansion zones, such as the flood chute at Hillabee, or were caused by 

flow obstructions, such as the berm at the downstream end of T1. The occurrence of these larger 

reverse flow areas coincided with peak deposition on both T1 and H3. As described earlier the 

development of reverse flow areas over features at the Hillabee site speak to its influence in 
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creating depositional features. Reverse flow appears to aid in deposition on linear benches, but it 

appears that linear benches are not dominated by reverse flow conditions like the concave 

benches investigated by Hickin (1986) and Vietz (2008). The occurrence of reverse flow at these 

sites suggests this type of flow may aid, but not control, the development of a variety of fluvial 

features. 

2.6 Conclusion 

The simulations appear to indicate benches are stabilized by vegetation. The greater drag 

introduced by the vegetation resulted in greater deposition over all benches at all sites. This 

agrees with the findings of many researchers (Corenbilt et al., 2007; Erskine et al., 2008; Steiger 

et al., 2001). Unexpectedly, the simulations accounting for vegetation also predicted greater 

erosion along the bench face of all benches at all sites. By lowering flow velocities over the 

bench the velocities through the channel are forced to increase leading to greater erosion along 

the stream side portion of the bench. This process has not been previously documented and may 

help explain spatial heterogeneity of stream erosion within some reaches. 

Benches at the Talladega site experienced deposition throughout a wide range of 

discharges from benchfull to 250 % of benchfull discharge. Recurrence intervals for flows 

dominated by erosion were quite large--in excess of 2.5 years for all benches under the current 

hydrologic regime. This is an apparent contradiction to the dominant discharge theory used in 

river restoration projects (Harman, 2000). The massive flow of 1951 did not appear to have been 

strong enough to destroy the bench complex suggesting that the benches at this site are decades 

to centuries old and similar in age to linear benches dated in Australia (Erskine, 1999). 

Deposition at the Hillabee site was minimal except on the highest bench due to the high 

velocities and small mean particle sizes at this site. 
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Reverse flow was present over benches at both sites throughout a range of discharges. 

This aligns with the predictions of Vietz (2008) that bench types other than concave may also be 

maintained and sculpted by reverse flow. It is difficult to assess to what degree reverse flow is 

responsible for bench maintenance as the areas of reverse flow were neither geographically 

extensive nor persistent, and it is not possible to examine the effects if the reverse flow were 

removed. It appears that linear benches at both sites are aided by reverse flow, but their 

formation and maintenance does not appear to be controlled by it. 
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3 Testing Hydrologic and Related Landuse Controls of Bench Formation and 

Destruction 

3.1 Introduction 

3.1.1 Overview of Bench Research 

Benches can be generally grouped into five types as linear, concave, point, tributary 

confluence, and feature benches (Vietz, 2008). Linear benches are found along the channel 

margins in straight reaches and are the focus of this study. The term bench was first coined in 

Kilpatrick (1961) and subsequently described in Kilpatrick and Barnes (1964) while attempting 

to measure bankfull stage of streams in the Piedmont area of the Southeastern United States 

where benches are still abundant. Kilpatrick and Barnes and Woodyer (1968) hypothesized that 

the height of these features, especially linear benches, corresponded to floods of specific 

recurrence intervals but offered no explanation of what processes drove their creation or 

destruction.  

One widely accepted theory of bench formation is based on the work of Erskine and 

Warner (1988) on alternating climate regimes in Australia. Erskine proposed that during periods 

of frequent flooding the channel widens significantly as bench and floodplain material are 

laterally eroded by frequent large floods (Erskine and Livingstone, 1999). This increase in 

sediment supply causes the formation of a “sand slug” which aggrades the channel bed (Erskine, 

1994). During periods of infrequent flooding the excess sediment is reworked laterally toward 

the channel margins, initiating bench formation and channel recovery (Warner, 1994; Erskine 

and Saynor, 1996). However this hypothesis has never been empirically validated probably due 

to the extremely long study times needed to document this process. Erskine stressed this model is 



67 
 

only valid in streams were meandering is prevented by bedrock or cemented terraces without 

which benches would be destroyed on much shorter timescales (Erskine and Livingston, 1999). 

The idea that benches are destroyed by large floods has motivated researchers to establish 

dates of bench formation to infer hydrologic processes (Webb et al. 2002). The proposed ages for 

benches range from 2200 years for “high” benches (Thoms and Olley, 2004) to around 20 years 

for some “low” benches (Wasson et al., 2010) with an age of 100 to 250 years being commonly 

quoted. Because these relatively young dates correspond to the time of European induced land-

use change in Australia and the United States several authors have suggested that recent bench 

development is due to increased supply of anthropogenically derived sediment (Hughes et al., 

2010; Rustomji & Pietsch, 2007; Royall et al., 2010). It is also possible that benches are actively 

accreting as the result of altered hydrologic regimes as the result of land use change and dam 

building (Changxing, 1999). The primary research question of this research is what impact do 

alterations in hydrology have on bench formation and destruction in the Piedmont area of the 

Southeastern U.S.? 

3.1.2 Hypothesis 

Hypothesis: Decreased streamflow will result in the formation of new benches. 

The Piedmont province is currently experiencing periods of prolonged drought, which 

may be similar to the drought dominated regimes that occur in Australia (Royall et al., 2010). 

Multiple climatic models have predicted increasing frequency of droughts in the Piedmont 

coupled with increased demand for water resources (Mearns et al., 2003; Sun et al., 2008). There 

is some debate amongst researchers as to whether benches aggrade or degrade during periods of 

decreased flow. Erskine and Livingstone (1999) state that benches aggrade during drought 
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dominated regimes, while Vietz (2011) proposed that prolonged low flow results in erosion of 

the bench face. While the resolution of this issue is beyond the scope of this research, a 

hydrologic analysis of stream flow data will be employed to identify contemporary trends in 

stream hydrology and precipitation regime that will be used to predict future rates of bench 

formation in the Piedmont. 

3.2 Study Sites 

The Piedmont is a deeply dissected plateau extending from Alabama to Maryland and 

varying in elevation from 500 m near the Blue Ridge to 75 m where it transitions to the East Gulf 

Coastal Plain. The average rainfall is between 127 – 110 cm, increasing from north to south with 

February being the wettest period and October the driest. Availability of water has become a 

major issue in the region as four major droughts have occurred since 1985 (Sun et al., 2008). The 

Piedmont has experienced heavy levels of anthropogenic disturbance since European settlement 

(Trimble, 1974). Much of the Piedmont was cleared for agriculture in the 18
th

 century creating 

extensive gullying in erodible soils, causing channel aggradation and widening. Mill dams 

constructed soon after European settlement and then larger dams for hydroelectric power and 

municipal reservoirs constructed over the last 100 years have altered the flow regimes of 

Piedmont streams.  

The two bench complexes examined in this study are located on Talladega Creek near 

Alpine, AL and Hillabee Creek near Hackneyville, AL. Talladega Creek is a 5th order stream 

with an elongate drainage basin and storm hydrograph that exhibits a relatively longer lag to 

peak than Hillabee. Rainfall, both in total amount and intensity, average less than other 

hydrologic areas in Alabama (USGS, 2010). The watershed is 80% forested and is interspersed 

with agricultural and urban areas (USGS, 2014). A Bureau of Soils report stated that in 1907, 



69 
 

80% of the county was in agricultural production “excluding only the steepest and stoniest 

ground” (Mooney and Mann, 1907). Hillabee Creek is a 6th order stream having a compact 

drainage basin with storm hydrograph exhibiting a shorter lag to peak than Talladega. The 

watershed is 85% forested with agriculture mainly restricted to bottomlands and has very few 

urban areas. A Bureau of Soils report notes that Tallapoosa County was never as intensely 

cultivated as Talladega due to fragile, nutrient poor soils, and steep slopes (Smith and Avary, 

1909). The three benches of the Talladega site will hereafter be referred to as T1, T2, and T3 

with T1 being the lowest in elevation and T3 the highest while the benches at the Hillabee site 

will be referred to as H1, H2, and H3. 

3.3 Methods 

Determining the timescales on which benches are created and destroyed depends on 

associating erosive discharges with its recurrences interval making it crucial to accurately 

measure recurrence intervals at each study site. This is complicated by the periodic droughts that 

affect the Piedmont as recurrence intervals calculated using data from the last thirty years will 

not equal recurrence intervals calculated using their entire hydrologic record. Both to obtain 

accurate recurrence intervals and to assess the role of climate and land use change in bench 

formation the pre and post 1985 recurrence intervals were compared. The year 1985 was chosen 

as the dividing line since it represents the beginning of the current drought dominated cycle 

occurring in the Piedmont (Sun et al., 2008; Royall et al., 2010).  Recurrence intervals were 

calculated according to the standard methods (Klingeman, 2005). Using this method a regression 

equation was created which used discharge as the independent variable and returned the 

estimated recurrence interval as the solution. The recurrence intervals of benchfull flow and the 

threshold for bench erosion were calculated using this equation. The threshold for bench erosion 
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is the discharge at which more of the bench surface is subjected to erosion than deposition and 

has been identified by prior research at these sites using two dimensional hydrodynamic 

modeling. The hydrologic record was divided into two groups, flows that resulted in deposition 

on the bench surface and flows that eroded the bench surface. These groups were further divided 

into pre and post-1985 flows to determine whether benches are either currently eroding or 

aggrading. 

 The magnitude of discharge generated by a storm event is a product of the amount of 

precipitation available, the length of the watershed, and the speed and efficiency of runoff 

delivery to the stream, which is controlled by land use (Dunn and Leopold, 1978). The Talladega 

watershed was selected for a more detailed analysis of how land use and climate effects 

discharge variability due to the more extensive data available. The 3, 5, and 10 year running 

mean for the total amount of precipitation per year back to the year 1900 was calculated and 

examined for prolonged periods of decreased rainfall. Monthly precipitation totals and average 

rainfall intensity were examined to account for potential changes in the timing of precipitation 

events. To examine the change in land cover a qualitative assessment of written descriptions, plat 

maps, and historic aerial photographs was undertaken. Due to the poor resolution and disjunct 

spatial and temporal coverage of the aerial photographs a comprehensive quantitative land use 

analysis was not undertaken.  

 The Talladega County Soil Survey of 1907 provided detailed information about land use 

in Talladega County at the time of its production. To assess quantitatively how discharges may 

have decreased due to changes in landuse I used this information in tandem with the NRCS 

Curve Number procedure and the Graphical Peak Discharge method to predict the discharge 

generated by a single precipitation event (Ward and Trimble, 2003). The NRCS Curve Number 
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procedure was created to predict the average runoff depth generated by a precipitation event 

based on the depth of precipitation, the landcover of the watershed, the soil type, and the 

antecedent soil moisture (Eq. 3.1).  

The NRCS Curve Number procedure is as follows: 

 Q = (P – 0.2S)
2
 / (P + 0.8S)                                                        (Eq. 3.1) 

where:  

 Q = rainfall (excess) (in) 

 P = precipitation (in) 

 S is a term determined by Eq. 3.2: 

 S = 1000 / CN – 10 (Eq. 3.2) 

where: CN = the ability of soils to infiltrate water, land use, and the antecedent soil moisture. 

Based on the guidelines for the curve number procedure (Ward and Trimble, 2003) the Talladega 

site has AMC type 2 soil with hydrologic soil group C soil. This soil group has a growing season 

antecedent soil moisture between 3.56 and 5.33 cm and a moderate infiltration rate when 

thoroughly wetted.  

 The Graphical Peak Discharge method can be used to transform the result of the NRCS 

Curve Number procedure into an estimate of the peak discharge produced by a precipitation 

event (Eq. 3.3). 
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The Graphical Peak Discharge method is as follows: 

 q = qu * A * Q * F (Eq. 3.3) 

where: q = peak discharge (ft
3
/s) 

 qu = unit peak discharge (ft
3
/s per square mile per inch of runoff, csm/in) 

 A = drainage area (mi
2
) 

 Q = runoff depth based on 24 h (in) 

 F = adjustment factor for ponds and swamps.  

The unit peak discharge is a product of the time of concentration which is calculated by first 

finding the lag time: 

 tL = (L
0.8

(S + 1)
0.7

)/(1900Y
0.5

) (Eq. 3.4) 

where: 

  tL = lag time (hours) 

 L = hydraulic length of the watershed (ft) 

 S = function of the NRCS Curve Number 

 Y = average land slope (percent)  

The lag time is related to the time of concentration by the equation: 

 tL = 0.6tc  (Eq. 3.5)  
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where: tL= the lag time (hours) 

  tc = time of concentration (hours). 

This method was developed for application in small rural and urban watersheds and thus caution 

must be taken when interpreting its results when this method is applied to large watersheds 

(Trimble and Ward, 2003). This method is also meant for use in watersheds that have one main 

channel and few tributaries and Talladega Creek meets these criteria.  

The percentage of the watershed subjected to a particular land use is multiplied by the 

curve number representing the land use and summed to create an average curve number for the 

watershed in 1907. This was also done for the present land use regime. Three contemporary 

precipitation events that occurred between 2009 and 2013 were chosen to model stormflows 

using the Graphical Peak Discharge method. These events were chosen for three reasons: (1.) 

they covered a range of discharges; (2.) the land use for the 2009-2013 period should be nearly 

identical to the land use in 2013; (3.) the 2013 event allowed validation for the Graphical Peak 

Discharge method since the simulated discharge could be compared with the observed using 

available gauge data. The outputs from these simulations were qualitatively compared to look for 

large differences in discharge produced by the changes in land use. 

3.4 Results 

 An analysis of the hydrologic record showed the mean annual flood at both the Talladega 

and Hillabee sites had sharply decreased since 1985. At Talladega the mean annual flood 

decreased from 214 m
3
/s to 137 m

3
/s while at the Hillabee site it decreased from 278 m

3
/s to 257 

m
3
/s. As a consequence, the recurrence intervals for erosive flows have greatly increased and the 

thresholds for erosion on Talladega benches increasing from 1.35 years to 2.91 years with the 
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thresholds for T1 and T3 also increasing (Table 3.1). Additionally only 1 of the 10 largest flows 

on record for Talladega Creek has occurred since 1985. For the Hillabee site 4 of the 10 largest 

flows on record have occurred since 1985. 

Site Bench Level Period Deposition RI Erosion RI 

Talladega 1 Pre 1985 0.95 yrs 1.35 yrs 

    Post 1985 1.01 yrs 2.91 yrs 

  2 Pre 1985 1.13 yrs 1.86 yrs 

    Post 1985 1.71 yrs 7.56 yrs 

  3 Pre 1985 1.15 yrs 1.40 yrs 

    Post 1985 1.81 yrs 3.24 yrs 

Hillabee 1 Pre 1985 null 0.36 yrs 

    Post 1985 null 0.40 yrs 

  2 Pre 1985 null 0.54 yrs 

    Post 1985 null 0.59 yrs 

  3 Pre 1985 0.75 yrs        4.52 yrs 

    Post 1985 0.82 yrs 5.99 yrs 

 

Table 3.1: Recurrence intervals for erosive and depositional flows for benches at the Talladega 

and Hillabee sites pre and post-1985. If a bench was not predicted to have deposition null is 

entered in place of a recurrence interval. 

  Noting that discharges decreased much more substantially at the Talladega site, the 

remainder of the hydrologic variability analysis focused on the Talladega Watershed. 

Precipitation in Talladega Creek does not appear to have greatly decreased (pre-1985 mean 

rainfall = 135.4 cm; post 1985; mean rainfall = 132.35 cm) (Fig. 3.1, Table 3.2). The three 

year running mean appears to show that rainfall post-1985 has become more extreme with 

higher and lower yearly averages despite mean total rainfall remaining essentially constant. 

A distinct shift in precipitation regime become more apparent in the 5 and 10 year running 

means, with periods of prolonged dry and wet replaced by rapid shifts between wet and dry 

post-1985. While the mean precipitation decreased in the yearly, 3-year, 5-year, and 10-year 
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averages since 1985, paired t-tests comparing the pre and post 1985 periods did not find these 

differences significant (Table 3.3). 

 

Fig. 3.1: Yearly, three, five, and ten year running average rainfall for the Talladega site. 
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Metric Period Precipitation 

Average Minimum Pre 1985 128.38 cm 

  Post 1985 124.75 cm 

Average Maximum Pre 1985 190.95 cm 

  Post 1985 188.83 cm 

Total Precipitation Pre 1985 135.40 cm 

  Post 1985 132.35 cm 

24 Hour Precipitation Pre 1985 4.05 cm 

  Post 1985 4.11 cm 

 

Table 3.2: Selected precipitation data for the Talladega site for the periods pre and post 1985.  

Period Type Mean Std. Dev p-value 

pre 1985 Yearly Total 135.40 26.83 
0.4749 

post 1985   132.35 28.03 

pre 1985 3-year Avg. 135.31 16.66 
0.3385 

post 1985   133.63 15.83 

pre 1985 5-year Avg. 135.03 13.34 
0.7420 

post 1985   134.57 9.01 

pre 1985 

10-year 

Avg. 135.32 9.23 0.6147 

post 1985   135.24 4.23 

 

Table 3.3: The yearly, 3, 5, and 10 year averages pre and post 1985 were compared using a 

paired t-test. The result of each test was not significant.  

The timing of precipitation events appears to have changed since 1985 (Fig. 3.1). Rainfall 

from December through April pre-1985 averaged 68.98 cm while post-1985 average rainfall fell 

to 61.1 cm and averaged less rainfall during every month of the interval. This represents an 

average decrease of 1.52 cm per month. Average rainfall from June through November has 

increased from a pre-1985 average of 68.88 cm to a post-1985 average of 76.56 cm. The post-

1985 average rainfall averaged more rain in every month except August where average rainfall 

has sharply decreased. Average 24 hour maximum rainfall has increased from 4.04 cm pre-1985 
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to 4.17 inches post-1985 indicating rainfall intensity has increased since that time. During the 

interval of decreased average rainfall from December through April the average rainfall intensity 

has decreased from a pre-1985 average of 4.52 cm to a post-1985 average of 4.27 cm for 24 hour 

maximum rainfall. For the months June through November the average 24 hour maximum 

rainfall has increased. 

 

 

Fig. 3.2: Average monthly rainfall for the Talladega site for the periods pre and post 1985. 

Aerial photographs and plat maps have shown the position of the channel at the Talladega 

site to be constant. The railroad bridge near the site was built in 1886 and shows little sign of 

undercutting as the original mudsills are still intact (USGS, 1902). A plat map from 1887 shows 

two textile mills adjacent to the bench site along with a mill village. It is possible the drainage 

ditch that cuts across T1 dates from this time in which case the bench originated before the 

construction of the mills but is not definitive evidence of this. From 1901 to 1905 the USGS 

maintained a stream gauge at the railroad bridge and a description of the site mentions a train 

station nearby (USGS, 1902). None of the buildings mentioned show up in an aerial photograph 
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dated 1937. Land use circa 1940 looks almost identical to the present and reveals dense 

vegetation cover over the bench site even then. The coarse resolution of the photographs 

prohibits accurate measurements of channel width from being made. 

The Graphical Peak Discharge method appeared to be very effective at predicting 

contemporary discharge caused by runoff at the Talladega site. The time of concentration was 

calculated to be 27.5 hours while the S number was calculated to be 3.698. For the three recent 

rainfall events simulated the curve number method predicted discharge with a maximum of 1 

percent error (Table 3.4). This method tended to underestimate the magnitude of discharge. The 

S number for the simulations representing 1907 was calculated to be 2.195, presumably due to 

the higher percentage of agricultural land use based upon the soil survey of 1907. This model 

predicted that the same precipitation event would produce a discharge of 127 to 145 percent 

greater than the discharge associated with the same precipitation event under contemporary land 

use conditions. To illustrate this, a precipitation event that produced 14.3 cm of precipitation is 

estimated to have generated a discharge of 177 m
3
/s in 1919, an event with a 2.6 year recurrence 

interval at the Talladega site based upon the current land use. This same precipitation event was 

estimated to generate a discharge of 227 m
3
/s if under the land use described to exist in 1907, a 

3.38 year recurrence interval flow by contemporary hydrologic regime standards. These 

estimates based on historic vs. contemporary land use show that 15% more erosion would have 

occurred on T1 under historic land use conditions. 
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Rainfall Discharge Landuse Predicted Q RI Erosivity 

8.48 cm 71 m
3
/s 2013 67 m

3
/s 1.54 yr 20% 

    1907 103 m
3
/s 1.88 yr 29% 

14.30 cm 177 m
3
/s 2013 173 m

3
/s 2.60 yr 35% 

    1907 227 m
3
/s 3.38 50% 

16.05 cm 240 m
3
/s 2013 239 m

3
/s 3.58 54% 

    1907 305 m
3
/s 4.95 65% 

 

Table 3.4: Results of the Graphical Peak Discharge method modeling at the Talladega site using 

both 2013 and 1907 land use. 

3.5 Discussion 

Based upon the precipitation records the term “drought dominated” would be misleading 

in describing the current climate regime but drought certainly has played a role in decreasing 

discharge, though the difference in precipitation amounts between the pre and post-1985 

intervals are quite small. The 3 and 5 year average rainfall charts show that the period 1900 – 

1970 had distinctly alternating wet and dry periods. The peak rainfalls for this period were quite 

high and lasted for several consecutive years followed by drier periods of similar duration. 

Precipitation post-1985 has alternated between wet and dry periods of only 1 or 2 year durations. 

For example, the 2007 drought, the most severe on record at Talladega, had a yearly total 

precipitation of 59.44 cm and was followed in 2009 by one of the highest precipitation totals on 

record at 186.08 cm. 

 However, hydrologically speaking, based upon the large increase in flow recurrence 

intervals for Talladega does seem to indicate hydrologic drought. The changes in the timing and 

intensity of precipitation seem to be having a dramatic effect on the magnitude of discharges. 

Prior to 1985 this site appeared to have defined wet and dry seasons with peak precipitation in 

January that steadily decreased until December. Post-1985 precipitation totals in all months 
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appear to be equal, creating a near homogeneous precipitation supply. Peak discharges for this 

site have usually occurred in the December – April interval, the period with the highest monthly 

precipitation. In addition to the high precipitation, this interval also coincided with plant 

dormancy and low temperatures. Little vegetative cover decreases the time of concentration and 

allows overland flow to develop with ease, creating higher discharges (Ward and Trimble, 2003). 

Water consumption is also lower during this interval. With the post-1985 decrease in winter 

precipitation, peak discharges during this period have dropped sharply.  

Rainfall has increased during the period from May – November, the period during which 

plants are active and may intercept rainfall and slow overland flow. Soils are drier and 

temperatures high, meaning less water is able to reach the stream. Human water withdrawals are 

high through this period both from reservoirs (of which there are four on the upper Talladega), 

evaporation from reservoirs, and irrigation of crops. Thus, the higher precipitation amounts 

cannot be converted into noticeably higher discharges. While increased precipitation intensity 

may offset some of these effects the increased time between precipitation events lowers the daily 

average discharge of the stream. High intensity rainfall is less able to be absorbed by the soil and 

increases groundwater recharge time. Upstream impoundments also dampen the magnitude of 

peak flows by slowing the passing of flood waters. 

The recurrence intervals for deposition pre-1985 for the three benches at the Talladega 

site were between 1 and 2 year interval which corresponds to the “dominant discharge” for that 

stream reach (Wolman and Miller, 1960). The recurrence intervals for erosion also lie within this 

interval. Based upon the idea of a “dominant discharge" the active floodplain at this site prior to 

1985 was one of these three bench levels probably either T2 or T3. Since 1985, the increase in 

recurrence intervals indicates levels T2 and T3 cannot serve as the active floodplain. With an 
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erosional recurrence interval of 2.91 (the lowest of the three) T1 is probably serving as the active 

depositional surface at this site. However, if Wolman and Miller (1960) were correct, another 

bench surface should be built within the channel at a lower elevation than T1 if the hydrologic 

drought persists long enough. This indicates that dominant discharge at a site may change over 

short intervals of time in response to cyclic drought. 

The results of the Graphical Peak Discharge method suggests the Talladega watersheds 

changing land use over the last century could have greatly impacted the magnitude of discharges. 

The conversion of the agricultural fields and cleared timberland that covered the watershed in 

1907 to the contemporary mature woodlands and pastures greatly decreased predicted 

discharges. The huge increase in forest cover would serve to further decrease the amount of 

water reaching the stream during the May – November period. The population of Talladega 

County has increased over 230% since that time and has brought in a number of heavy industries 

many of which are significant water consumers. The heavy vegetative cover and cyclic drought 

years decrease base flow, which is decreased still further by human withdrawals, especially 

during drought periods. 

 The recurrence intervals of erosional flows have greatly increased relative to the 

recurrence intervals of depositional flows at the Talladega site. This suggests that benches are 

actively accreting during the current hydrologic regime, as excess sediment can no longer reach 

the floodplain and is instead deposited laterally along the channel margins. Warner (1994) found 

in five study reaches on the Nepean River that nearly 10.6 ha of land were created in the form of 

benches and bars during a drought dominated regime lasting from 1900 – 1947. After 

considering all information it would seem that benches at this site are stable and will aggrade 

during this current period of hydrologic drought. 
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 The formation of multiple bench levels is a difficult phenomenon to explain. Multiple 

bench levels could be the result of episodic contemporary stream incision. Conversely, they 

could also be the result of alternating periods of incision and aggradation. Another possibility is 

channel meandering undercuts benches creating slump blocks which aggrade during periods of 

drought. Some combination of all of these theories or components of these theories may also 

cause multiple bench formation. Regardless of explicit mode of formation, the formation of 

multiple bench levels appears to be tied to hydrology. 

3.6 Conclusion 

This research showed that while the Piedmont has experienced frequent periodic drought 

over the last thirty years the impact on stream hydrology has not been uniform. Peak flows at the 

Talladega site have dramatically decreased since 1985 increasing the recurrence intervals of 

erosive flows and encouraging bench construction. Peak flows at the Hillabee site have remained 

essentially constant. While total amounts of precipitation in this area of the Piedmont have 

remained steady, the timing of precipitation has changed with more precipitation now received 

during leaf-on conditions with a higher intensity. Bench development in this region appears to be 

product of a variable hydrologic and climate regime with bench construction occurring during 

periods of hydrologic drought. 
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4 Summary and Conclusions 

4.1 Summary 

4.1.1 Benches As an Integral Part of Piedmont Watersheds 

 Based upon this research, it seems probable that the majority of benches in the Piedmont 

are similar in age to those found in Australia (Thoms & Olley, 2004) with high benches or 

apparent floodplains beginning to form 1000 years ago or more and inset features being decades 

to centuries old. This only applies to benches in laterally confined reaches where channel 

migration cannot destroy benches on shorter time scales. Within the study vicinity numerous 

structures built on benches have been observed and include the railroad bridge at the Talladega 

site, a mill built onto a high bench near Allison Mill road on Talladega Creek, and another mill 

built on a bench at Carr Creek in Millerville, AL. Each of these structures is over 100 years old 

(the mill on Talladega Creek is gone but visible from a 1941 aerial photograph) (USGS, 2014). It 

is possible that bench surfaces may have been desirable for the construction of mill dams due to 

the flat surface adjacent to the stream within the channel and the smaller width of the dam 

needed to span the stream. This might give the impression that dams cause bench construction. 

However, Piedmont benches upstream of dams do not exhibit the lacustrine stratigraphy 

indicative of dam induced deposition (Royall et al., 2010). 

 While hydrology and reach scale hydrodynamics are the two processes responsible for 

bench formation and maintenance, this research indicates that for each bench type only one of 

these processes is dominant. The concave benches described by Carry (1963), Hickin (1986), and 

Vietz (2011) are dominated by hydrodynamics and reverse flow. Similarly, feature benches 

appear to be dominated by hydrodynamic processes. Other bench types and linear benches in 
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particular, appear to be the result of changes in the hydrologic regime. As noted earlier, 

hydrologic regime encompasses more than just precipitation amount and includes climate, 

precipitation type and timing, and landuse/land cover. This suggests linear benches are indicative 

of hydrologic regime change and are “markers” of past environmental change. 

 The recognition of this also requires the recognition of benches as important biological 

areas serving as small refuge for organisms that inhabit the floodplain. During hydrologic 

drought these organisms must migrate to the bench as the floodplain no longer receives the 

periodic inundation needed to sustain this ecosystem. This understanding of Piedmont benches 

also has implications for river restoration projects. The channel cannot be designed based on the 

types of flows received during the period of hydrologic drought and remain stable (Simon et al., 

2004). It instead should be designed to accommodate the flows received during the period of 

high peak flows to avoid widespread erosion. A nested channel design may be a more viable 

restoration design for streams with alluvial benches. Such designs have been utilized by 

engineers in the past (Ward and Trimble, 2003). 

 4.1.2 Theoretical Model of Bench Development 

At the Talladega site benches appear to be stable features that form and re-form on 

timescales of centuries. Furthermore, benches appear to be serving as the active depositional 

surfaces within this incised channel reach. The stream appears to have become de-coupled with 

its historic or apparent floodplain due to dramatic channel incision. The large channel 

dimensions of the bench sites suggest channel over-widening. Thoms and Olley (2004) observed 

the Barwon Darling River had a “nested channel where lower flow channels were contained 

within a series of higher flow channels with each nested channel being marked by the horizontal 
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surface of the bench.” This was also observed in Arizona by Graf (1988) where rivers seemed to 

have a low flow inner channel contained within a high flow outer channel. Perhaps nested 

channels more typically associated with dryland environments should also be deemed typical of 

streams in wetter climates with human disturbance histories and/or muted hydrologic regimes. 

In keeping with Erskine’s theory of bench development (1999) a large increase in cross-

sectional area via channel widening greatly lowers average stream velocity during storm events. 

These low velocities were unable to transport the abundance of available sediment leading to 

marginal deposition. When the marginal deposits reached a sufficient height they were colonized 

by vegetation (Erskine et al., 2008), which served to stabilize the feature and encourage 

additional deposition (Corenblit, 2007). Between flood episodes the channel bed aggrades 

allowing for deposition higher within the channel creating multiple bench levels similar to the 

channel evolution model (Simon and Hupp, 1992). The alternating flow regimes of the Piedmont 

may encourage these multiple levels. However, each large flood event leads to scour of the 

channel bed but leaves the benches relatively unharmed due to sheltering by vegetation and 

deposition on the falling limb of the hydrograph as shown when the 1951 flood event was 

simulated.  

 Periodic hydrologic drought within the Piedmont results in periods of accelerated bench 

growth. Historically, the arrival of early European settlers brought intensive land clearing and 

agricultural to this region introducing large amounts of sediment in the process (Trimble, 1973; 

Jackson, 2005). This sediment surely spurred bench growth or was captured in one of the 

numerous milldams on Talladega Creek (Fig. 2.2). When these dams broke many years later 

(some presumably in the flood of 1951), a second wave of sediment was introduced into this 

system. Under the current hydrologic conditions the Talladega site appears to be dominated by 
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vertical accretion based on the well-defined levees and deep channels (Hughes et al., 2010). The 

discontinuous and fragmented nature of benches along the Talladega may be due to thalweg 

migration that causes bank undercutting. 

4.2 Future Work 

 Future work on benches in the Piedmont should involve attempting to verify how 

benches are formed and how their formation and destruction affect sediment budgets in the 

Piedmont. An attempt should made to investigate how alternating hydrologic regimes can induce 

bench formation in a flume. For this work representing channel stratigraphy and sediment influx 

will be critical and will require extracting sediment cores along the floodplain and channel bed 

and extensive monitoring of suspended sediment concentrations. To help characterize the effects 

of changing landuse in this region, a detailed reconstruction of landuse in the Talladega area 

should be undertaken for a number of periods in the past. This information can be used to 

construct a historical sediment budget for Talladega creek and with the SWAT model estimate 

how changes in hydrology and landuse have effected discharges. 

4.3 Conclusion 

 This research sought to investigate the hydrodynamic and hydrologic controls on bench 

formation and destruction in the Piedmont of the southeastern U.S. and use this information to 

forecast long term bench stability in this region. Hydrodynamic modeling of the two study sites 

indicate linear benches accrete when small floods (< 250% of benchfull discharge at the 

Talladega site) deposit fine sediments on the bench surface and are eroded by large floods. 

Bench stability can be enhanced by the establishment of vegetation and the development of areas 

of reverse flow in flow expansion zones that locally lower velocities. Climate variability impacts 
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benches by altering the recurrence intervals of erosive flows. The current drought cycle on the 

Piedmont began in 1985 and has significantly increased recurrence intervals indicating benches 

may be actively forming in this region. This reduction in peak discharges is only partially due to 

a decrease in precipitation as yearly precipitation averages were found to have not significantly 

decreased. Precipitation data indicates that changes in precipitation timing and intensity may be 

more responsible for the increase in recurrence intervals than a reduction in total precipitation 

amount. An analysis of contemporary landuse changes using the Graphical Peak Discharge 

method provided an explanation for reduced peak discharges observed at the Talladega site. The 

results of this study appear to validate the Erskine model of bench formation and destruction as 

linear benches in the Piedmont appear to be flood dominated and flood controlled. 
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