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Abstract 

 Sediment is a dominant pollutant in waterbodies due to the heightened turbidity, transport 

of other harmful pollutants, negative impacts on ecosystems, and reduction of flow capacity. 

Construction projects, especially during their earthwork phase, are one of the largest contributors 

of sediment-laden runoff. The United States Environmental Protection Agency and often many 

state regulatory agencies mandate that every project obtains a construction general permit which 

involves completing a Stormwater Pollution Prevention Plan. Detention practices are one of the 

common methods used for sediment control when employing a Stormwater Pollution Prevention 

Plan, but detention practices come in various forms and sizes. A methodology using simulated 

hydrologic and erosive conditions typical to Nebraska was developed to evaluate the 

performance of Nebraska Department of Transportation (DOT) silt trap and sediment trap 

practices. A full-scale testing apparatus was constructed at the Auburn University - Stormwater 

Research Facility. Through the analysis of sediment capture and water quality, the most feasible 

and effective installation of each practice was identified to provide design guidance for practice 

selection.  

 Silt traps can serve a contributory drainage area up to 1 ac (0.4 ha) while the sediment 

trap can serve an area from 1 ac (0.4 ha) to 5 ac (2.0 ha). Under a flow rate of 0.5 ft3/s with a 

sediment introduction rate of 36.6 lb/min and a flow rate of 1.0 ft3/s with a sediment introduction 

rate of 49.0 lb/min respectively, both Nebraska DOT standard installations presented opportunity 

for enhancement. The silt trap standard was evaluated in conjunction with an erosion check, 

various silt fence installations, rock checks, an earth check, and a slash mulch berm. The 

installation with the most overall improvement was the modified silt fence that created a V-shape 

of wire-backed, non-woven geotextile with an 18 in. (45.7 cm) weir cut out of the center. For the 
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modified silt fence, the resulting sediment retention was the highest achieved in testing at 95.9%, 

the highest impoundment at 35 ft (10.6 m) the TSS reduction from inflow to downstream was 

89.1%, and the turbidity reduction from inflow to downstream was 67.7%. The reduced post 

spacing – from a standard 5 ft (1.5 m) to 3 ft (0.9 m) – used to create the fence shape and the 

wire backing with the geotextile increased structural abilities to withstand flow. The weir 

allowed for timely dewatering and protected from excessive impoundment. The installation had 

the highest sediment capture at 95.9% and the longest impoundment at 35 ft (10.7 m) for 

sedimentation to occur. The slash mulch berm had the second highest sediment capture at 94.6% 

and the most improved quality of water leaving the installation, 91.4% TSS reduction and 69.1% 

turbidity reduction. While slash mulch was a high performing installation, the issue of mulch 

availability must be considered for project implementation. In the silt trap testing, the low 

porosity silt fence failed, indicating a need for structural improvement. A series of clean water 

tests were conducted on various configurations of the low porosity silt fence to find the structural 

MFE-I. Factors tested were fence height, post material, post spacing, and fence shape. The best 

performing installation, based on least amount of post deflection, was adapted from the modified 

silt fence yet utilized the low porosity fence geotextile. The other high performing installation 

was a reduced fence height, from 30 in. (76.2 cm) to 24 in. (61.0 cm) and reduced post spacing, 

from 5.0 ft (1.5 m) to 2.5 ft (0.76 m). The sediment trap installation with most overall 

improvement was the installation with three wire-supported, coir baffles and a 1.5 in. (3.8 cm) 

surface skimmer. The combination of elements provided evident turbulence reduction and 

controlled dewatering to restore the available storage volume. The baffle and skimmer 

installation improved TSS from nearly 5,000 mg/L inflow average to under 500 mg/L 

downstream TSS and turbidity from around 1,600 NTU inflow average to around 700 NTU 
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despite having high background turbidity. The combination installation also had the second 

highest sediment capture at 91.1%, 0.8% below the highest sediment capture.  

 The results of full-scale testing indicate that the standard installation of the silt trap and 

sediment trap have opportunity for improvements through modifications. The silt trap increased 

sediment capture and improved water quality when it was paired with a modified silt fence while 

the sediment trap addressed various shortcomings, resulting in improved performance through 

the use of coir baffles and a skimmer. The most feasible and effective installation of the silt trap 

and sediment trap provided enhanced sediment capture and downstream water quality. Since the 

silt trap was found to perform better in conjunction with another practice, especially the modified 

silt fence, the recommendation is to always implement a silt trap with a ditch check. The 

structural, clean water testing indicated that fence with similar characteristics to the modified silt 

fence would improve the low porosity silt fence as would a reduced post spacing and reduced 

fence height installation. Since the sediment trap was shown to perform well in water quality and 

sediment capture on its own, the recommended baffles and skimmer advance the performance by 

dissipating incoming flow and enhancing downstream water quality while restoring storage 

volume for subsequent storm events.  
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1 Chapter One: Introduction  

1.1 Background 

 The modern world hinges around the development and enrichment of everyday 

infrastructure, encompassing both manmade and natural systems. Mankind’s infrastructure is 

comprised of buildings, roads, and bridges which play a role in the demand for connectedness 

and necessity of movement. In 2024, the total amount spent on put-in-place construction was 

around $2.15 trillion, an increase of about 6.4% from the previous year. This number is expected 

to increase by 21% for 2028 (Guckes 2024). On linear projects, approximately $150 billion was 

spent in 2024 (FMI Corporation 2024). Construction can become a source of pollution due to the 

substantial earthmoving activities that disturb an expanse of land, typically consisting of several 

acres of land at a time. The clearing and grubbing stage leaves behind uncovered, unprotected 

ground that will be reallocated as best suits the project. While sediment is the predominant 

construction-related pollutant, others such as fuel, paint, oil, and solvents are prevalent. 

Contaminants like these containing lead, zinc, cadmium, flame retardants, pesticide bifenthrin, 

and polycyclic aromatic hydrocarbons to name a few, are able to sorb to soil particles (Mahler 

2018). When soil is exposed to the displacing energy of raindrops, the resultant erosion and 

subsequent flow cause runoff that suspends the sediment and carries it downstream. From data 

gathered by the Environmental Protection Agency (EPA), the percentage of impaired rivers, 

streams, and creeks is at 51% with lakes, ponds, and reservoirs at 55% impairment. Bays, 

estuaries, and harbors came in at 26% impaired. On average over 50% of the assessed waterways 

of the U.S. are reported as compromised (Kelderman et al. 2022). 

 An estimated 3.9 billion tons (3.5 billion metric tons) of sediment is annually discharged 

from construction sites into waterways across the U.S., due to the amount of construction taking 
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place (Mitchell et al. 1991). Construction sites have runoff rates 10 to 20 times greater than 

agricultural lands and 1,000 to 2,000 times greater than forested land (USEPA Office of Water 

2023). The lack of vegetative cover following soil disturbance on construction sites, results in the 

dislodgement of particles that are then transported in runoff that eventually enter natural 

waterbodies. Accelerated siltation reduces the useful volume of a reservoir, fills roadside ditches, 

irrigation canals, and navigational channels, and contributes to increased dredging and high 

maintenance costs. Sedimentation raises flooding probability and severity due to reduced stream 

capacity and buried wetland overflow areas (United States Department of Agriculture Economic 

Research Service 2019). Increased turbidity restricts sunlight for photosynthesis, harming 

vegetation and phytoplankton (Boyd and Lichtkoppler 1979). This causes disruptions at the base 

of the food chain that can propagate through higher trophic levels; for example, reduced 

phytoplankton populations affect zooplankton, insects, sunfish, and ultimately predatory fish 

such as freshwater bass (Boyd and Lichtkoppler 1979). Loss of vegetation diminishes sustenance 

resources, habitats for creatures, and the natural stabilization of waterbodies. Additionally, the 

transport of soil-bonded toxins corrupts aquatic habitats that support insect larvae, mollusks, 

crustaceans, amphibians, and fish, further degrading ecosystem health (Mahler 2018). The 

impacts reduce aquatic biodiversity, spoiling commercial and recreational fishing. Moreover, 

suspended sediment substantially escalates the cost of municipal and industrial water treatment 

(Kelderman et al. 2022).  

 Although estimates vary widely due to the copious areas of effect, sediment-related 

damages, from site remediation to waterway repairs, are generally estimated in billions of dollars 

annually (USDA Economic Research Service 2019). Sedimentation is recognized as one of the 

leading causes of water pollution around the world producing extensive economic, societal, and 
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environmental consequences. Mankind and nature have intertwining systems, both vital kinds of 

infrastructure. Since natural aquatic systems are inherently more fragile, they require proactive 

protection from pollution sources such as erosion and sedimentation. 

1.2 Erosion and Sediment Control 

 Erosion is a process by which the behavior of wind, water, ice, or gravity wears away the 

surface of the land. Natural deterioration occurs at a slow rate and aids in maintaining 

environmental balances. Out of the elements listed, water generates the most damaging erosion. 

Major factors that affect erosion are soil erodibility, vegetative cover, topography, climate, and 

season. Closely examining erosion caused by rainfall, two physical processes are observed. The 

first is detachment where the force of the raindrop is applied vertically making it responsible for 

displacing particles of exposed soil. The second step is transport where the rain accumulates and 

flows horizontally across the particles. This suspends and transports the soil away. Erosion by 

water happens primarily in six different ways: splash, sheet-flow, rill, gully, streambank, and 

shoreline. Erosion control practices are used as mitigation measures and aim to inhibit, regulate, 

and reduce the different types of erosion in the context of agriculture, land development, and 

construction.  

 Because erosion cannot be completely prevented, sediment control must be implemented. 

Sediment control is designed to keep the eroded soil on site so that it does not become a source 

of pollution when transported in runoff. Sediment-laden stormwater pollution is considered a 

nonpoint source because it does not originate from a single identifiable source and often has a 

cumulative aspect. Sediment control is implemented in several ways, but the primary focus of 

this research is on detention-based sediment control practices. Erosion control practices prevent 

erosion while sediment control practices reduce sediment discharge offsite. Erosion and sediment 
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control (ESC) practices are combined to achieve maximum effectiveness in preventing the 

negatives of runoff and properly controlling stormwater flow.  

 The ESC movement was sparked after the Dust Bowl of the 1930s that swept sediment 

beyond the Great Plains. During this time, a drought storm covered Washington D.C. and sailed 

out into the Atlantic Ocean (Natural Resources Conservation Service 2025). As a result, the Soil 

Erosion Service, later renamed the Soil Conservation Service, was established. The conservation 

movement continued with the Clean Water Act in 1948 to regulate discharges of pollutants into 

U.S. waters (Environmental Protection Agency 2025). Under section 402, the National Pollution 

Discharge Elimination System (NPDES), limits were set on the effluents entering a body of 

water from a point source and eventually expanded to address stormwater runoff thus including 

nonpoint sources under phase two of NPDES (Kelsey 2023). The construction general permit 

(CGP) mandates projects disturbing one or more acres develop a Stormwater Pollution 

Prevention Plan (SWPPP) implementing practices to minimize the amount of sediment and other 

pollutants associated with construction sites from being discharged in stormwater runoff (USEPA 

2017). Industry standards dictate that best management practices (BMPs) are employed when 

composing a SWPPP according to each state’s environmental agency. To meet regulatory 

requirements, many Departments of Transportation (DOTs) have developed their own permitting 

agencies that exercise authority in their state over the EPA and their own stormwater 

management practices. For example, the state of Nebraska has the Department of Water, 

Environment, and Energy (DWEE) to issue their construction stormwater (CSW) general permits 

while the Nebraska Department of Transportation (NDOT) has developed BMP detention 

practices such as silt traps, sediment traps, and sediment basins for their stormwater management 

manual. While not all BMPs are physical devices, for example managing work and 
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communication are considered BMPs, the research in this project focuses on tangible detention-

based BMPs. The examined BMPs are installations, practices, or products, that optimally control 

sediment-laden runoff. Many organizations and other entities have taken up the goal to increase 

performance-based BMPs ensuring high level protection of our soils and waters. From testing, 

research, specifications, and installation guidelines, the advancement of the industry has 

continued to flourish through the development of most feasible and effective installations (MFE-

I).  

1.3 Research Objectives 

 This research was divided into three principal components associated with the evaluation 

of stormwater detention practices, with specific emphasis on silt traps and sediment traps.  

The specific objectives of this research are as follows: 

(1) Develop a methodology to evaluate and compare the performance of detention-based 

practices typical to Nebraska Department of Transportation (DOT) highway 

construction projects in the removal of sediment from construction generated runoff, 

(2) Conduct replicable full-scale testing on silt trap and sediment trap practices and 

modified installations that mimic Nebraska DOT conditions through corresponding 

soil losses and runoff volumes, and 

(3) Identify the most feasible and effective installations (MFE-I) discovered from data 

collection and field observations to provide implementable design guidance for use 

on Nebraska DOT projects.  

To satisfy the research objectives, five tasks were identified: 
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(1) Conduct a comprehensive literature review including the state-of-the-practice 

regarding silt traps and sediment traps and past testing results on efficiency and 

effectiveness of potential modifications, 

(2) Develop full-scale testing methodology based on local Nebraska values for quantities 

of sediment introduction and runoff flow rates, 

(3) Design and construct plans for experimental detention measures mimicking Nebraska 

highway conditions, 

(4) Perform full-scale testing of different practices and installation variations at the 

Auburn University – Stormwater Research Facility, and 

(5) Analyze the collected water quality and sediment data to determine performance 

results of various installations and distinguish the MFE-I of each practice. 

1.4 Expected Outcomes 

 The outcomes of the research study are intended to enhance specific stormwater 

management techniques through informed design and implementation. The scientific results from 

full-scale testing are expected to provide Nebraska and the ESC industry with additional 

guidance for the application of silt traps and sediment traps. The performance of alternative 

designs found through standardized, repeatable tests serve to increase the water quality and 

sediment capture when employed. Improved detention measures will safeguard water quality 

downstream of developing areas, reduce regulatory compliance issues, aid in managing 

accompanying costs, and enhance public perception. Future research efforts are expected to 

continue advancing the knowledge and increasing the resources in stormwater management, the 

construction trade, and the field of ESC.  



22 
 

1.5 Organization of Thesis 

 This thesis is sectioned into five chapters that organize, illustrate, and describe the steps 

taken to meet the defined research objectives. Following this chapter, Chapter Two: Literature 

Review, provides an overview of current erosion and sediment control technology, research, and 

implementation. Chapter Three: Methodology describes the practice design, testing regime, 

collect and test procedures, and various apparatuses utilized for the evaluation of silt traps and 

sediment traps. The processes detailed in this section include the determination of soil losses, 

flow rates, and construction of full-scale measures. Chapter Four: Results and Discussion 

reviews the data collected from testing and establishes useable guidance based on the 

effectiveness of the tested practices. Chapter Five: Conclusion and Recommendations summarize 

the major findings and impact of this research effort. The MFE-I for each practice is formulated 

according to water quality and sediment retention data encompassed in the previous chapter. 

Additionally, this chapter highlights areas of potential future research for advancing stormwater 

management techniques and technologies.  
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2 Chapter Two: Literature Review 

2.1 Introduction 

 Detention practices have been developed as a management technique to treat stormwater. 

Several types of underground and aboveground systems have been employed to remedy 

sediment-laden water primarily through sedimentation. Sedimentation describes the process by 

which soil particles and integrated pollutants gravitationally settle out of the water column. 

Sedimentation is based on the principles established in Stokes Law for settling solids. The 

settling velocity is dependent on the size and density of the clay, silt, fine sand, and some larger 

sand particles and the properties of the fluid such as density and viscosity (Erickson et al. 2013). 

For water, the density is almost constant with the viscosity varying due to temperature. The 

temperature of the water affects the solid settling velocity as colder temperatures considerably 

slow settling. Stokes Law among other settling formulas reveal that larger particles will settle 

faster than smaller particles of similar density, and that particles of larger density will settle faster 

than particles of smaller density when similar in particle size. If given longer residence time, a 

wider variety of particles will settle out of the water column and be retained by the detention 

practice (Erickson et al. 2013). 

 Other elements such as velocity reduction have a role in enabling higher settling. 

Turbulent flows are undesirable because of their delayed settling caused by prolonged 

suspension of solids (Goldman et al. 1986). Decreasing the turbulent flow velocity decreases the 

mixing happening between the water and the particles. One way to achieve velocity decrease is 

through impoundment. Impoundment, typically created by interrupting stormwater flow in a 

channel, is a pool of water where the average net velocity approaches zero. This velocity 

reduction increases water depth above the critical flow depth, decreases channel erosion caused 
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by shear stress, and decreases kinetic energy (Donald et al. 2016a). The outcomes generated by 

impoundment produce favorable conditions for sedimentation to occur. Impoundment is not the 

only way to accomplish velocity reduction and thereby sedimentation. Depending on the 

particular detention practice, other methods can be employed to reach the same energy 

dissipation of runoff and settling of particles as seen in the section on potential modifications.  

 Providing temporary storage for runoff is another component in facilitating 

sedimentation. Adequate capacity must be supplied in detention practices for the volume 

produced by a rainfall event and for the storage of accumulated sediment. Periodically, 

maintenance such as solids removal must be performed on the detention practice to preserve the 

effectiveness of the treatment (Erickson et al. 2013). The EPA considers sufficient volume to be 

either the volume of the 2-yr, 24-hr storm or 3,600 ft3/ac (251 m3/ha) (USEPA 1998). The 

designed storage volume allows residence time for sedimentation but must have a way to 

dewater for restoration of storage for subsequent events. Dewatering is the slow controlled 

removal of water. The dewatering of a detention practice balances adequate settling time with 

providing storage for runoff from ensuing runoff events (Pérez et al. 2016).  

2.2 Testing Considerations 

2.2.1 Regulations and Requirements 

 All permitting agencies require that ESC practices minimize erosion and maximize 

sediment removal. The Nebraska DWEE issues CSW general permits before any land 

disturbances. These permits regulate discharges from stormwater, snowmelt, and drainage under 

NPDES and safeguard waters of the state from transported sediment and pollutants. This permit 

process involves submitting a SWPPP and agreeing to regular site inspections performed by the 

DWEE throughout the duration of construction. The DWEE does not have regulations that 



25 
 

specify total suspended solids (TSS) and turbidity effluent limits or specify minimum sediment 

capture rates for any ESC practices (Department of Water 2022).  

2.2.2 Scale of Testing 

 The testing scale chosen for the silt trap and sediment trap testing was full-scale testing. 

Small-scale testing and field monitoring are inherently limited because they either fail to assess 

full system performance or are conducted under variable, uncontrolled conditions. To eliminate 

these limitations, large-scale testing must be conducted (Roche et al. 2024a). Full-scale testing is 

as close to field-scale as possible without relinquishing control of independent variables which 

would affect the outcome of the dependent variables being used as performance indicators. The 

need for reproducible, large-scale testing is recognized as imperative to improve current industry 

practices and achieve greater field operation (Perez et al. 2016). At this scale, any shortcomings 

are exposed when subjugated to realistic highway construction settings. Large-scale or full-scale 

research provides a method for testing predictable runoff and erosion contributions that mimic 

construction site conditions and highlights improvements when optimizing functionality. NDOT 

full-scale testing would be representative of the real-world application and allow thorough 

examination for developing implementation guidance. 

2.2.3 Performance Metrics  

 Data collected throughout the respective silt trap and sediment trap testing provided 

comparative measures for performance evaluation of every configuration. The collected data 

included sediment capture weights and water quality grab samples. Sediment retention and 

downstream water quality improvement were two standard performance indicators across 

numerous states and research facilities (Bhattarai et al. 2016; Fang et al. 2015). Sedimentation 

percentages, TSS, and turbidity were critical water quality metrics among detention practices. 



26 
 

Sediment was collected on site post testing while the water quality was processed in lab 

according to standard testing specifications (Perez et al. 2016).  

2.3 NDOT Silt Traps and Sediment Traps 

 NDOT has three detention practices – silt trap, sediment trap, and sediment basin – that 

are used to achieve the same benefits on different scales. The factors that differentiate the 

practices are their design, application, and capacity as the drainage area and corresponding runoff 

demand increases. Silt traps are the smallest option, consisting of a shallow excavated sump 

placed across the flow path to create a ponding area. The silt trap is typically used for drainage 

areas less than 1 ac (0.4 ha) and requires no dewatering device. Sediment traps are designed for 

moderate drainage areas up to 5 ac (2.0 ha). The sediment trap involves excavating a stabilized 

embankment including a riprap spillway to provide greater storage capacity. Sediment basins, 

used for drainage areas greater than 5 ac (2.0 ha), are the largest system employed. The basins 

are constructed either through excavation or by building an embankment across a drainage way 

and are sized to accommodate runoff from a 2-yr, 24-hr storm or a specified volume per acre. 

The sediment basin incorporates both an emergency spillway and a dewatering device that 

discharges from the top of the impoundment. The selection of these practices factors in the 

contributing drainage area, the right-of-way availability, the intended design lifespan, the 

downstream waterbody sensitivity, and the upstream disturbance duration. The differences 

between the detention practices are outlined in Table 2.1. This research project focused on the silt 

trap and sediment trap. The NDOT Drainage Design and Erosion Control Manual contains the 

current standards on their management practices. “Chapter Two Erosion and Sediment Control” 

outlined the specifications of silt traps and sediment traps (NDOT 2006). No literature has been 

found on the scientific assessment of the silt trap or sediment trap as defined by Nebraska. Due 
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to the lack of evaluation, opportunities existed to enhance both practices through research and 

testing. 

Table 2.1: Comparison of NDOT Detention Practices 

Practice Description Drainage Area Size Dewatering Device 

Silt Trap 

Excavated ditch 
across the path of 

water to form 
ponding area, often 
includes silt check 

< 1 ac (0.4 ha) 
1 ft (0.3 m) deep 
by 6 ft (1.8 m) 

wide 
None 

Sediment Trap 
Excavation with 

stabilized 
embankment 

≤ 5 ac (2.0 ha) 

134 yd3/ac (253 
m3/ha) typ. 

67 yd3/ac (121 
m3/ha) min. 

2:1 min. L:W 

Riprap spillway 
with weir height of 

1 ft (0.3 m) & 
length depending 
on drainage area 

Sediment Basin 

Excavation or 
embankment 

across a drainage 
way 

> 5 ac (2.0 ha) 

Vol. equivalent to 
the local 2-yr, 24-
hr storm or 3,600 
ft3/ac (251 m3/ha) 

Emergency 
spillway & 

dewatering device 
that pulls from top 
of impoundment 

Note: language from NDOT Chapter 2 Draft 

 The temporary silt trap is intended to create a temporary ponding area to dissipate energy, 

generate sediment deposition, and offer temporary storage for runoff. The trap is constructed 

through the excavation of a small basin-like structure along the flow path of the water. Typically, 

the trap was 1 ft (0.3 m) deep with a minimum width of 6 ft (1.8 m). The width and length of the 

silt trap varies according to the site of placement with the overall rectangular shape having a 

longer dimension in the direction that was parallel to the water flow (NDOT 2017). In the 

Special Plans produced by the Roadway Design Division, the trap is to be excavated to the width 

of the existing ditch with a 2:1 slope on all sides. Any silt checks paired with the silt trap are 

placed 2 ft (0.6 m) downstream of the upper edge of the trap (Roadway Design Division 2024). 

The size, shape, location, and methods of construction are stipulated by project contract or by the 

engineer (NDOT 2017). The silt trap does not require any additional practice, but it can be used 
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in conjunction with various temporary sediment control measures. These measures included 

erosion checks, earth checks, rock checks, and silt fence (NDOT 2006). The excavated 

depression normally does not include outlet drains and does not have a specified dewatering 

time, meaning water within the practice evaporates or percolates into the ground. To maintain the 

trap functionality, the sediment is to be removed and properly disposed of at 50% capacity. 

Figure 2.1 contains an example of silt traps that is included in a pocket guide published by 

NDOT (NDOT 2020a).  

Figure 2.1: Pocket Guide Picture of Silt Traps (NDOT 2020a) 
 

 The purpose of a sediment trap is to provide storage volume so that sediment could settle 

out of the detained runoff. The trap is built through excavation and the construction of an 

embankment for a contributory drainage area up to 5 ac (2 ha). The required storage volume, 

spillway dimensions, and elevations are factors for designing sediment traps. The embankment 

has a 5 ft (1.5 m) maximum height with a desirable top width of 4 ft (1.2 m) and side slopes of 

3:1 (NDOT 2006). The water release is controlled by a rock spillway or pipe outlet. The most 

common outlet for a sediment trap is a self-draining embankment, 1 ft (0.3 m) below the 
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impermeable soil embankment made of Type A rock riprap with the weir length dependent on the 

drainage area. The storage volume requires 134 yd3/ac (253 m3/ha) which equates to the volume 

of the first inch of rain across the drainage area. The wet and dry storage are equal parts in 

volume at 67 yd3/ac (126 m3/ha). If the required volume cannot be met, the lost volume is from 

the wet storage volume, yet the storage volume cannot fall below the minimum volume of 67 

yd3/ac (126 m3/ha). The sediment trap location is determined by the existing and proposed 

project topography. The natural topography should be maximized for easier construction and 

easier access for future clean outs. The traps are stated to remove the non-colloidal sediment up 

to an 80% efficiency which is comparable to sediment basins that have an acceptable and 

practicable removal of 70% to 90% of the particles larger than silt and clay which requires 

excessive retention and are stated to not be as feasible to remove. The NDOT manual also allows 

sediment traps to follow sediment basin design. There are two applications in the standard details 

plan set: typical roadside ditch and typical outlet swale. The typical roadside ditch sediment trap 

basin length and width are outlined in Table 2 of the plan set along with other pertinent feature 

dimensions (NDOT 2020b).  

 For the year 2024, across all DOT projects, the silt trap had 12 recorded units installed 

and the sediment trap had 109 recorded units installed. The cost for either trap was executed per 

unit. The silt trap was $406 per unit on average, totaling $4,876 for the year not including any 

practice that could accompany the silt trap. The sediment trap was $2,715 per unit, totaling 

$296,008 for the year. These values were published in the NDOT historical bid tabs (Nebraska 

Department of Transportation 2025).  
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2.4 Similar Practices According to State DOTs 

 Since Nebraska lies within the Midwest region of the U.S., detention practices in other 

Midwest states were investigated for comparison. This examination aided in the development of 

modifications that would optimize silt trap and sediment trap performance from practices that 

withstand similar hydraulic and soil conditions such as Iowa, adjacent to the eastern border of 

Nebraska, and Minnesota.  

 The Iowa DOT has sponsored various stormwater research projects and has programs 

established to improve stormwater management in the state. There are three detention systems 

listed in the state manual that relate to the silt trap and sediment trap. The silt dike or silt ditch is 

a depressed area used to capture sediment and keep it from migrating off a project site. At the 

base of the fore slope, earth is excavated to a uniform depth to create a ditch below the natural 

ground level. A ditch and dike may be used together or separately, typically using the material 

excavated for the ditch and placing it on the side to form a dike. Figure 2.2 illustrate the silt dike 

and silt ditch according to the Iowa manual (Construction and Materials Bureau 2022).  

(a) Silt Dike (b) Silt Ditch 
Figure 2.2: Iowa DOT Detention Practices (Construction and Materials Bureau 2022) 

 

 The Iowa silt basin functions to slow water, allow sediment to settle, and collect 

deposited silt. The amount of sediment that settles before the water exits the basin is dependent 
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on the quantity of drainage and the length to width ratio of the basin. The length is to be longer 

than the width to allow more time for sediment to settle out prior to flows being discharged from 

the basin The silt basins are used in roadway ditches or placed in intervals in ditch grades of 1% 

or 2%. Clean out is required when silt basin capacity has been reduced by 50%. In the same way, 

a temporary sediment control basin uses ditch areas to create storage to enable sedimentation. An 

earthen berm is built across a ditch to form the sediment control basin. The basin also 

incorporates a riser pipe installed through the berm that utilizes slots or holes to allow water to 

slowly discharge. The berm has a rock overflow to handle the volume generated by high 

intensity rain events (Construction and Materials Bureau 2022). Figure 2.3 contains the profile 

views of both types of related basins employed in Iowa.  

 

 
(a) Silt Basin (b) Temporary Sediment Control Basin 

Figure 2.3: Iowa DOT Detention Practices (Construction and Materials Bureau 2022) 
 

 Minnesota (MN) has employed a comprehensive approach to stormwater management 

through its state regulations and BMPs. The MN Stormwater Manual circulated by the Pollution 

Control Agency has several practices that resemble the NDOT silt trap and sediment trap in 

function and usage. The difference between the MNDOT sediment trap and basin is their 

catchment area, retention time and means, and water release method. These stormwater treatment 

methods are intended to be established before upstream disturbance and remain until after final 
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stabilization of the contributory area. Sediment traps serve areas up to 5 ac (2 ha) with basins 

serving areas larger than 5 ac (2 ha). After construction of a trap or basin, the side slopes are 

stabilized by some means to prevent sediment from the trap or basin filling the available volume. 

For both practices, the length to width ratio is a 2:1 minimum with sufficient storage for the 2-yr, 

24-hr storm runoff amount. If unable to calculate the runoff amount, 3,600 ft3/ac (251 m3/ha) of 

drainage area is required. The trap utilizes a stabilized weir of rock and a geotextile underlay. 

The trap uses embankments or other barriers with 2:1 slopes or flatter while discharging through 

an armor outlet or pipe. Figure 2.4 pictures the MNDOT sediment trap. Sediment traps are to 

avoid high-velocity flow areas where scour erosion and excessive turbulence may interfere with 

sedimentation. The sediment trap can be used in series along a drainage pathway in a way that 

resembles one of the uses of the NDOT silt trap. Basins are placed in low areas near the 

construction project edge where water is easily directed. To increase sediment removal 

efficiency, the distance between the inlet and outlet is maximized since a longer flow path 

generally means greater detention. The basin allows longer residence time for soil particles to 

settle and releases water via a riser or a floating skimmer that draws clarified surface water, 

minimizing the discharge of pollutants (Minnesota Pollution Control Agency 2006).  
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Figure 2.4: MNDOT Sediment Trap (Minnesota Pollution Control Agency 2006) 
 

 Various BMP elements are inspected for appropriate maintenance actions. The two 

biggest factors that pertain to the NDOT silt trap or sediment trap are the accumulation of 

sediment and standing water. For optimal performance, the sediment must be cleaned out, the 

standing water must be drained, and any material causing the residual pool must be removed. 

With correct installation and maintenance, the MNDOT sediment trap and sediment basin had 

efficiencies typically between 60% and 80%, especially for larger to medium-sized soil particles. 

In general, larger storage and longer detention time are needed to remove finer particles. The 

MNDOT sediment trap and sediment basin function to intercept and detain runoff and are stated 

to be one of the most effective and reliable measures for treating sediment-laden flow from 

MNDOT construction sites (Minnesota Pollution Control Agency 2006).  
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 The other examined region of the United States was the south due to the high rainfall 

experienced and high erosivity conditions. Since ample research has been done at the AU-SRF 

for the Alabama Department of Transportation (ALDOT), their detention practices were 

considered in the literature review. The ALDOT rock ditch check with an excavated sump 

resembles the NDOT silt trap paired with one of the possible ditch checks. The sump is not 

applied as a stand-alone method rather as a combination with a ditch check. The length of the 

sump is at a minimum twice that of the width and has a minimum depth of 2 ft (0.6 m). The rock 

is placed at least 2 ft (0.6 m) downstream of the sump as seen in Figure 2.5. The sump is 

designed to dissipate water energy, allow large particles to settle out of suspension, and provide 

easy access for maintenance (Alabama Soil and Water Conservation Committee 2022).  

Figure 2.5: ALDOT Rock Ditch Check with Sump Excavation (Alabama Soil and Water 
Conservation Committee 2022) 

 

 The ALDOT sediment basin is a temporary impoundment constructed to capture 

sediment-laden runoff. This practice applies to sites where more storage is required and where 

turbidity needs to be reduced. The basin has a length to width ratio of at least 2:1. Water is 

diverted to the upper end of the pool to improve efficiency and enters the basin in a controlled 

manner that minimizes erosion. The basin inlet is on the opposite end of the basin from the 

surface dewatering device. The skimming device is prevented from settling into the mud and 

clogging by creating a landing pad. The basin uses at least three rows of porous coir baffles 

installed between the inlet and outlet discharge point. Baffles are placed perpendicular to the 
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flow, ensuring that water does not flow under or around the baffles The three rows create four 

nearly equal volumes in the basin. When posts are utilized, support wire or rope is added to 

inhibit sagging. Other elements that have been used with the ALDOT basin are flocculants and 

an upstream forebay (Alabama Soil and Water Conservation Committee 2022).  

 The North Carolina Department of Transportation (NCDOT) has demonstrated successful 

stormwater measures and continues to pursue improvements through research within their own 

state universities. The detention measures NCDOT employs, similar to NDOT, are the Type B 

silt basin and the skimmer basin (North Carolina Department of Transportation 2015). The Type 

B silt basin collects sediment in a drainage way for an area up to 3 ac (1.2 ha). The design 

storage volume is 3,600 ft3/ac (251 m3/ha) with a minimum requirement of 1,800 ft3/ac (126 

m3/ha) and is typically built with devices to control incoming flow such as a rock check. The 

maximum side slope is 1.5:1 with a minimum depth of 2 ft (0.6 m) and a minimum 2:1 length to 

width ratio. Figure 2.6 pictures the Type B silt basin according to NCDOT.  

 
Figure 2.6: NCDOT Type B Silt Basin (North Carolina Department of Transportation 

2015) 
 

 The skimmer basin is a temporary basin with a geotextile-lined, trapezoidal spillway. 

Designed for a contributory area up to 10 ac (4.0 ha), the same storage volume and length to 

width dimensions required of the Type B silt basin apply to this basin along with a 1 ft (0.3 m) 

spillway freeboard depth and a 4 ft (1.2 m) minimum weir length. The mandatory floating 

skimmer dewaters in two to three days from the top of the water column. NCDOT utilizes 
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skimmers as the preferred outlet device for basins. A minimum of three baffles is employed in 

the basin according to Figure 2.7.  

 
Figure 2.7: NCDOT Skimmer Basin(North Carolina Department of Transportation 2015) 

 

2.5 Potential Modifications 

 Since there was a lack of literature on silt traps and sediment traps as outlined by 

Nebraska, the literature review from stormwater-reputable states guided the search for potential 

modifications for both of those detention practices. The silt trap focused on ditch checks while 

the sediment trap explored adding elements from typical sediment basins.  

2.5.1 Silt Fences, Ditch Checks, and Berms 

 When examining the temporary sediment control devices that would be tested in 

conjunction with the silt trap, silt fence was listed as an option in the NDOT ESC manual 
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(NDOT 2006). The purpose of silt fence is to intercept sediment-laden runoff and form 

impoundment for sedimentation, keeping eroded soil on site and preventing pollution of water 

bodies. Silt fence installations were composed of varying geotextiles attached to varying types of 

posts and were typically finished by trenching the fence into the ground manually or using a 

slicing machine (USEPA 2012). Silt fences have been utilized at the toe of slopes, on site 

perimeters, and in long runs as j-hooks. Standards widely diverge due to conditions of different 

regions of the country; however, standards were often based on rule-of-thumb instead of site-

specific conditions, especially on drainage areas for silt fence sections (Liu et al. 2021). NDOT 

had four types of silt fence: low profile, low porosity, high porosity, and coir (Roadside 

Stabilization Unit 2007). The low profile was 36 in. (91.4 cm) in height and made of a woven 

geotextile fabric, and the low porosity was a 42 in. (106.7 cm) minimum height and made of a 

woven geotextile with the same specifications as the low profile. The high porosity fence was a 

42 in. (106.7 cm) minimum, woven geotextile often referred to as “Tennis Court Windscreen” or 

another approved geotextile meeting or exceeding the specifications (Roadside Stabilization Unit 

2007). No studies were found evaluating the performance of high porosity silt fences. The coir 

was 100% coconut fiber material woven into a mat with a functional longevity of at least three 

years, a minimum of 36 in. (91.4 cm) height, and used in wetland or sensitive water areas. The 

high porosity fence was mostly used in high flow circumstances, and the low porosity fence in 

low flow circumstances. Since the start of this research project, the high porosity silt fence has 

been phased out of use in Nebraska and removed from the approved products list. The project 

technical advisory committee requested the low porosity silt fence to be tested despite flow 

conditions. Silt fence manufacturers claimed that filtration happens through the geotextile 

material, but research and testing have shown that only a small portion of sediment is trapped by 
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filtration (Barrett et al. 1996). Silt fence was shown to blind quickly and reduce flow-through 

(Liu et al. 2021). Rather than filtering for sediment-laden water, silt fence was intended to slow 

water velocity to allow soil to settle out of suspension. A study done on woven silt fences under 

Nebraska highway conditions reported performance results for the standard installation of the 

low porosity fence. At a flow rate of 0.0024 m3/s (0.086 ft3/s) and sediment introduction rate of 

12.1 kg/min (26.6 lb/min), the fence experienced sagging, undermining, and slow dewatering. 

Under extreme case testing with much higher rates, the low porosity silt fence completely failed, 

ripping the fabric and allowing water to continue downstream unobstructed (Roche et al. 2024b). 

Another study was done on woven versus nonwoven silt fence materials. The mean turbidity 

reduction efficiency for nonwoven geotextile was 52% and for woven geotextile was 18%. The 

nonwoven also outperformed the woven in sediment concentration reduction efficiencies. The 

results were attributed to the apparent opening size of the fabrics along with the influence of the 

soil-water pressure on the fence which caused an increase in the geotextile openings (Gogo-

Abite and Chopra 2013). A study conducted on nonwoven silt fence found that a dewatering 

board could be included in the installation to reduce dewatering time from over 24 hr to around 4 

hr, thus minimizing stormwater retention time following rain events. The dewatering board was 

made of plywood and had a V-notch at the top of the board with dewatering holes down the 

front. The board had little to no adverse effects on sediment retention proficiencies when 

compared with an installation without dewatering capabilities. Additionally, structural analyses 

conducted on three steel and two hardwood silt fence support posts suggested that posts should 

be spaced properly to improve stability under hydrostatic loading (Whitman et al. 2021). Other 

silt fence literature revealed that a wire-backed, nonwoven geotextile silt fence could be the 

solution for increased silt trap function. Notable features of this fence installation were a steel 
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wire mesh backing of square spacing, sod staples to secure the fence to the channel using a 

spaced, staggered pinning, and an 18-in. (45.7 cm) weir cut out of the geotextile. The installation 

was placed at a 90-degree V-shape within the ditch or channel. The wire aided in structural 

reinforcement of the fence while the pinning facilitated stronger silt check to channel interface. 

The weir and fence shape created a more manageable impoundment behind the fence that 

resulted in a capture of over 90% of introduced sediment over the longevity tests conducted 

(Donald et al. 2016b). Utilizing a variation of a silt fence installation with a silt trap could 

prolong the lifespan of the fence and increase detention performance.  

 Ditch checks can be constructed using a variety of materials including wattles and 

aggregates. These practices were placed in the flow line of channels to interrupt and slow 

stormwater. The result created an impoundment directly upstream of the ditch check and caused 

energy dissipation. The energy dissipation reduced runoff velocities, shear stress, and turbulence 

within the channel. Due to the reduced kinetic energy produced by the ditch check upstream 

impoundment, sedimentation would occur (Donald et al. 2013). The NDOT ESC manual listed 

options for several wattles, also referred to as temporary erosion checks, of various sizes, 

materials, and manufacturers as listed in their approved products list (NDOT 2006). The wattle 

diameter and material could be chosen according to high and low flow scenarios. The proper 

installation of wattles was researched to find the best procedure that enabled high performance. 

According to one study, a statistical analysis conducted on normal installation procedures 

indicated that significant variables affecting the stormwater control aspect were trenching, 

staples, and underlays. Considering these essential variables and the installation that resulted in 

the largest increase in subcritical flow length, the authors recommended that a wattle installed as 

a ditch check via spaced out stapling, alternating front and back, with non-destructive teepee 
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staking. The wattle was further recommended to be placed on an underlay fabric without any 

trenching of the installation (Donald et al. 2013). Another study verified the teepee staking and 

special ditch protection underlay procedure through field observations. The special ditch 

protection was a natural fiber excelsior matting, but other possible underlays included geotextile 

or turf reinforcement mat for thorough ground contact. At installation, wattles were to extend 

past the channel side slopes to eliminate potential flow bypass (Schussler et al. 2021). On the 

opposite scale of ditch checks, the Nebraska rock check dam used Type A riprap which was the 

smallest of the riprap options. Since ditch checks primarily control erosion by causing 

supercritical flow to transform into subcritical flow by causing impoundment that decreases 

velocity and erosive shear stresses, riprap was needed to withstand runoff forces and maintain 

structural integrity. Riprap has been shown to dissipate channelized, high velocity flow, but 

passages between the aggregate allowed water to flow through the check resulting in shorter 

impoundment lengths. Adding smaller aggregate or adding 8 oz (227 g) nonwoven geotextile 

were two flow choking methods tested at high flow condition of 1.7 ft3/s (0.05 m3/s). The 8 oz. 

(227 g) nonwoven geotextile choker resulted in the longest impoundment length of 29.1 ft (8.9 

m) and was the recommended solution (Zech and Fang 2014). This finding was confirmed by 

another study conducted for the Iowa DOT. The previous version of the rock check dam had an 

excavation beneath the rock, larger rock gradation, and larger dam width. After clean-water and 

sediment-laden testing, a rock check dam installation using the smaller erosion stone gradation 

and a geotextile overlay with dewatering holes was adopted. The geotextile generated higher 

impoundment lengths and depths while the weep holes reduced excessive dewatering periods, 

resulting in increased sediment capture and decreased discharge turbidity. The smaller rock, 

decreased installation width, and elimination of grade excavation beneath proved most cost 
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effective and easier to install. The installation improved performance and protected unstabilized 

channels from erosion (Roche et al. 2025). These ditch check installations – the wattle and the 

rock dam – were listed in the NDOT manual as an accompanying practice for the silt trap.  

 Nebraska has also employed the earthen berm, known as the temporary earth check, and 

the slash mulch berm as accepted practices. Literature on earthen berms was not found, however 

installation procedures included construction of the berm through compacted lifts at a specified 

width, height, and slope (Roadway Design Division 2024). Slash mulch was a biodegradable 

option often present after the clearing and grubbing stage of construction activities. This made 

the material a viable option when available. The construction of the mulch berm was an 

important factor in beneficial implementation. The berm was formed in three lifts, each firmly 

compacted. A study revealed that the most effective and efficient installation consisted of 75% 

less material than normal at 1.5 ft (0.5 m) in height and 3 ft (0.9 m) in width. Despite flow-

through still occurring, the berm was able to impound and capture sediment while efficiently 

using resources from on site. The berm generated an impoundment depth of 4.9 in. (12.4 cm) and 

had an average discharge turbidity of 1,180 NTU. The sediment capture was at 98.9% of the 

introduced sediment, with 25.4% occurring within the practice and 73.5% occurring upstream 

(Roche et al. 2024c). The temporary earth check was listed for use with the silt trap, but the slash 

mulch berm was not listed since the practice was more recently developed. 

2.5.2 Baffles and Skimmers 

 Two of the most common elements in a typical sediment basin were baffles and skimmer 

as indicated in numerous literature sources. Baffles can be made of several types of material, but 

coir was the most prominent with benefits of being biodegradable. One of the most important 

design considerations for the baffle was to be installed as perpendicular to the direction of flow 
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as permissible within the basin. The primary function of a baffle was to prevent short circuiting 

within the storage volume area by modifying the hydraulic flow conditions and distribute flow 

more evenly across the basin (A. Millen et al. 1997). Other design considerations included the 

height of the baffle and the baffle spacing throughout the basin. The standard implementation 

was three rows of wire-backed material that exceeded the full basin depth and the weir spillway 

height. If the elevation of the baffle fell below the runoff depth, the inflow would travel from the 

inlet to the outlet creating a zone of high velocity and turbulence that inhibits particle settling. 

The baffles not only dissipated flow but expanded the effective width of the basin (Perez et al. 

2016). Baffles interrupted the path of the incoming runoff by forcing the flow spread along the 

face of the baffle promoting a more uniform, laminar conditions. The low turbulence allowed 

sedimentation to occur more quickly and effectively. The spacing of the baffles should roughly 

break the basin into four equal zones or bays. In one study, the introduced sediment from a 

simulated runoff event was collected and weighed from each bay. The distribution revealed that 

larger, heavier particles were deposited in the first bay and decreased in sediment particle size in 

each consecutive bay respectively. The sediment weight distribution was increasingly less overall 

moving toward the back of the basin (Fang et al. 2015). When properly designed, a baffle system 

increased sediment removal efficiency without requiring additional basin volume. A surface 

skimmer was designed to float on the surface of a basin and drain the least turbid water as 

sedimentation occurred. These devices consisted of a floating intake connected to a pipe that 

connected to a flexible hose that conveyed water to the skimmer outlet. The skimmer adjusted 

with the volume as the basin filled and drained to maintain consistent surface dewatering (Sharpe 

et al. 2023). This controlled dewatering process increased detention time, allowing suspended 

particles to settle before discharging. Ongoing research has shown that skimmers must be 
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appropriately sized to handle the stormwater received and regulate outflow rates but have the 

capacity to be adjusted as needed (Harrison et al. 2026). The skimmer allowed basins to 

maximize settling while restoring storage volume for subsequent rain events (Sharpe et al. 2023). 

Due to the discharged water being drawn from the least turbid zone, an appropriate skimmer 

significantly enhanced sediment removal efficiency and downstream water quality. To achieve 

sedimentation in the sediment trap, adding baffles, a skimmer, or a combination were probable in 

assisting in increased sediment capture and increased downstream water quality. 

2.6 Literature Review Summary 

 The literature review conducted for this research project consisted of detention analysis, 

various testing considerations, NDOT standard practices, DOTs similar practices, and 

prospective modifications. For the detention analysis, the governing principle that drives 

detention is sedimentation. Sedimentation is based on Stokes Law for settling solids and 

considers factors like residence time via storage volume and dewatering as well as flow velocity 

reduction achieved through impoundment or other energy dissipation means. Since there were no 

water quality regulations to satisfy according to the CSW general permit, the only testing 

considerations were scale and performance indicators. The full-scale methods for testing were 

most suitable for determining performance using metrics of sediment capture, TSS, and turbidity. 

The function of the standard NDOT silt trap and sediment trap was outlined. The primary 

differences between the two practices are their design, application, and capacity. Examining 

detention-based applications from other DOTs revealed similar core philosophies including 

slowing water, increasing detention time, and managing discharge. Other consistent elements 

were basin geometry, designing to local conditions, and essential maintenance. Finally, the 

potential modifications include numerous forms of ditch checks for the silt trap and specific 
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added elements for the sediment trap. The modifications also investigated the installation 

procedures for enhanced practice performance according to past studies. The literature review 

was used as a foundation for the project, especially to inform the methodology along with the 

testing regime for the silt trap and sediment trap. 

  



45 
 

3 Chapter Three: Methodology 

3.1 Testing Methodology Overview 

 The methodology of this thesis describes the systematic plan and approach used to 

achieve the goal of identifying the MFE-I of the silt trap and the sediment trap detention 

practices used by the DOT of the state of Nebraska. This section outlines the tools, techniques, 

and procedures employed to collect and analyze the data from each practice evaluation. A 

repeatable testing methodology was adapted from the testing method outlined in Schussler’s 

dissertation (Schussler 2022). The testing methodology was developed in five stages: (1) 

determining flow and sediment introduction rates using regional means for hydrological factors 

and soil loss conditions, (2) developing a standardized highway construction roadside channel 

and testing introduction apparatus for simulation to occur, (3) selecting appropriate water quality 

sample locations for data collection, (4) defining the sediment retention determination method, 

and (5) selecting a testing regime and installations to test including standards of Nebraska and 

modifications found successful through a literature review. 

3.2 Statewide Analysis of Climate, Rainfall, and Soil 

 Given the considerable variation in precipitation, climate, and soil types across Nebraska, 

the state was partitioned into similar zones to facilitate more effective analysis. Following the 

RUSLE2 results outlined in Roche et al., six distinct landscape regions were identified (Roche 

2023). Figure 3.1 shows the counties considered in each region along with the rainfall erosivity 

factors (R-factors) throughout the state. In erosion equations and models, the rainfall-related 

components were considered most significant in impact. The R-factor linked the amount of 

erosion to the precipitation intensity based on historical rainfall data (Suhara et al. 2023). With 
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the R-factor quantifying the potential rain has to erode soil, the high values observed in the 

southeastern part of the state indicated higher risk of erosion when subjected to rainfall energy. 

 

 

Figure 3.1: Analyzed Counties and Annual Rainfall Erosivity from Six Landscape Regions 
(Roche 2023) 

 
 Due to the variety of climate conditions, averages from select regions were deemed 

sufficient to determine flow rates and sediment introduction rates for testing. This ensured that 

the results for the NDOT silt trap and sediment trap practices would deliver outcomes that could 

adequately be applied to the entire state. The two regions experiencing the highest erosivity 

coincided with the regions facing the most rainfall and were selected to use in analysis 

calculations. Those regions were the Loess Hills and the Loess and Glacial Drift located on the 

eastern side of the state. The curve number and precipitation depth from those areas were 
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averaged when used as factors to determine the flow rate and sediment introduction rate for 

testing. If a practice meeting the demands of a region with a higher erosivity and annual 

precipitation was applied in a lower experiencing region, then the practice would continue to 

perform successfully while having a factor of safety. The testing rates were also calculated based 

on representative drainage areas. The silt trap was sized for 0.5 ac (0.2 ha), and the sediment trap 

was sized for 1.0 ac (0.4 ha) for testing purposes.  

3.3 Flow Rate Determination 

 According to part 2.2.12 of the CGP, one of the design requirements was to provide 

storage for 1) the runoff volume of a 2-yr, 24-hr storm, or 2) 3,600 ft3/ac (251 m3/ha) of drainage 

area (USEPA 2022). This allowed permittees to design with their local storm event using the 

National Oceanic and Atmospheric Administration (NOAA) atlases or other verified methods to 

find the associated precipitation values. However, the USEPA can only exercise authority over 

states that do not have their own permitting authority. Nebraska has the DWEE as the permitting 

authority of the state. In the CSW general permit, the volume requirements are 3,600 ft3/ac (251 

m3/ha). From a consensus of other studies and other DOT practices, the 2-yr, 24-hr storm was 

most likely to provide accurate flow rates for Nebraska and was utilized in analysis. In 

construction, the standard NDOT plan sets were followed for providing storage volume 

according to the CSW. In Figure 3.2, the rainfall depth is shown across Nebraska with the least 

amount of depth appearing in the northeast and progressively increasing toward the southeast. 

Within GIS, a process called raster clip was used to extract a portion of that data based on a 

defined boundary. This allowed for an accurate spatial analysis of the focus regions when 

determining the average rainfall depth for calculations.  
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Figure 3.2: Nebraska Map of Rainfall Depth, in. (Roche 2023) 

 

 The same GIS raster clip process was used to find the average curve number of the 

defined regions. In Figure 3.3, the average weighted curve numbers across the state show ample 

variability. This was because of the makeup of different hydrologic soil groups, land usages, and 

cover types. The analysis of the Loess Hills and the Loess and Glacial Drift regions for the curve 

number and rainfall depth resulted in an average value of 86.7 for the CN and an average value 

of 2.74 in. (6.96 cm) for the depth. 

Figure 3.3: Nebraska Map of Weighted Average Curve Numbers (Roche 2023) 
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 The amount of runoff produced by the design storm was computed with the TR-55 Urban 

Hydrology for Small Watershed design approach. Two equations were combined (eq. 2-3 and eq. 

2-4 in the TR-55 Manual) for the resulting Equation 1 which can be utilized to calculate the 

runoff depth for an area (Natural Resources Conservation Service 1986).  

Q =  
( ୔ି 

మబబ

ిొ
ାଶ )మ
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ిొ
ି଼

    Equation 1 

where,  

Q = runoff depth (in.) 

P = rainfall depth (in.) 

CN = curve number 

 The runoff depth correlates to the average runoff amount produced by the design storm. 

The rainfall depth represents the amount of precipitation produced by the analyzed design storm. 

The curve number is the infiltration characteristic that functions by considering the impervious 

area and the soil classification of an identified area. Using the GIS values from earlier analysis, 

the runoff depth was found to be 1.49 in. (3.78 cm). 

 Further hydrological analysis was conducted using the hydraflow hydrograph extension 

in AutoCAD Civil3D. The method employed in creating the hydrographs was developed by the 

USDA Soil Conservation Service and was known as the SCS method for estimating excess 

produced by rainfall. The graphs and corresponding data were generated by inputting the CN, 

drainage area, storm distribution, time of concentration, and time interval. The curve number 

remained the average of the two assessed regions. The time of concentration (Tc) selected was 

input by user. A Tc of 5 minutes, which was commonly chosen for this variable, aided in 

evaluating the design rainfall intensity for the entire area of interest. The time interval was set to 
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the smallest possible value at 1 minute to provide greater precision. The storm distribution was a 

Type II meaning significant rainfall was experienced over a short duration for these storms and 

was based on the geographic location of Nebraska as depicted in Figure B-2 of the TR-55 

manual. The CN, storm distribution, time of concentration, and time interval factors remained 

consistent for both the silt trap and sediment trap hydrographs. The differing factor for each 

practice was the drainage area. For the silt trap, an area of 0.5 ac (0.2 ha) was analyzed while an 

area of 1.0 ac (0.4 ha) was analyzed for the sediment trap. The hydrographs were input and run 

as seen in Figure 3.4 (a) and (b) for both traps.  
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(a) Silt Trap Hydrograph 

(b) Sediment Trap Hydrograph 
Figure 3.4: SCS Hydrograph Inputs 
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 After the hydrograph data was generated, the average flow rate of the peak 30 minutes of 

flow was obtained. The peak flow values were also noted. Table 3.1 records the resulting values 

for each drainage area. Based on the average flow for the peak 30 minutes of a local 2-yr, 24-hr 

storm, the flow rates determined for NDOT testing were 0.5 ft3/s (0.014 m3/s) for 0.5 ac (0.2 ha) 

and 1.0 ft3/s (0.028 m3/s) for 1.0 (0.4 ha) acre.  

Table 3.1: Flow Rates for Silt Trap and Sediment Trap 
Drainage Area 0.5 ac (0.2 ha) 1.0 ac (0.4 ha) 
Peak 30-min Average Flow 0.47 ft3/s (0.013 m3/s) 0.93 ft3/s (0.026 m3/s) 
Peak Flow 0.97 ft3/s (0.027 m3/s) 1.94 ft3/s (0.055 m3/s) 
 

3.4 Sediment Introduction Rate Determination 

 The Modified Universal Soil Loss Equation (MUSLE) was used to determine the 

sediment runoff produced by the flow of the 2-yr, 24-hr storm from the Loess Hills and the Loess 

and Glacial Drift regions. The MUSLE applied a runoff factor that represented the energy 

associated with detachment and transport of sediment. This was pertinent to individual storms 

and increased sediment yield prediction accuracy (Williams and Berndt 1977). The factors in 

Equation 2 pertained to site-specific conditions to estimate the soil loss due to the rainfall impact 

and runoff energy from the design storm.  

S = 95(Qq୮)଴.ହ଺KLSCP     Equation 2 

where, 

S = sediment yield (tons) 

Q = runoff volume (acre-ft) 

qp = event peak discharge (ft3/s) 

K = soil erodibility factor 
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LS = slope-length and steepness factor 

C = cover and management factor 

P = practice factor  

 Utilizing the hydrographs that established the testing flow rates, the runoff volume and 

event peak discharge factors were determined. A total volume was calculated from the average 

flow of the peak consecutive 30-min of the design storm. Likewise, the event peak discharge 

used was the average flow rate of that same 30-min since the actual occurring peak flow rate 

would not reasonably be sustained in a storm for the entire 30-min period of flow. This was done 

to help with accuracy of the calculation. The soil erodibility factor was dependent on the soil 

structure, texture, and permeability. With a GIS raster clip of the two analyzed eastern parts of 

the state, the resulting average was 0.357. The length-slope represented specific site topography 

including the slope length and the slope steepness. This variable was assumed to be 0.83 based 

on a 20 ft (6.1 m) typical highway cross section at a slope of 16% as seen on many highway 

construction projects (Perez 2016). One of the most influential factors was the cover and 

management factor. This ranged from exposed soil to established vegetation based on the phase 

of construction. Slopes on these roadside developments were not assumed to be bare; yet the 

detention installations would not solely rely on those practices The C factor was assigned a value 

of 0.5 assuming there was some amount of exposed soil on site but also had erosion management 

practices in place. Additionally, other supporting practices were expected to be in place during 

the project lifespan leading to the determination of the P factor. Most iterations of this formula 

assumed a value of 1 because of the limited data when choosing an appropriate factor. Until this 

factor, the silt trap and sediment trap calculations utilized all the same values for the MUSLE 

variables. However, the P factor values were 0.5 for the silt trap and 0.3 for the sediment trap. 
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For the silt trap, the same assumptions used in the C factor were applied. For the sediment trap, 

the larger drainage area was expected to encompass more ESC methods upstream of the trap. 

The computation resulted in a total sediment yield of 0.564 tons (0.504 tonnes) for the silt trap 

and 0.736 tons (0.668 tonnes) for the sediment trap. Table 3.2 contained the sediment yield 

calculation summaries. The sediment introduction rate used in silt trap testing was 36.6 lb/min 

(16.6 kg/min) and was 49.0 lb/min (22.2 kg/min) in sediment trap testing.  

 
Table 3.2: Sediment Yield Calculation Summary 

 
Runoff 
Volume 

Event Peak 
Discharge 

Soil 
Erodibility 

Factor 

Slope-
Length & 
Steepness 

Factor 

Cover & 
Management 

Factor 

Practice 
Factor 

Sediment 
Yield 

Silt Trap 
0.019 ac-ft 
(23.4 m3) 

0.47 ft3/s 
(0.013 
m3/s) 

0.83 0.357 0.5 0.5 
0.546 tons 

(0.504 
tonnes) 

Sediment 
Trap 

0.039 ac-ft 
(48.1 m3) 

0.93 ft3/s 
(0.026 
m3/s) 

0.83 0.357 0.5 0.3 
0.736 tons 

(0.668 
tonnes) 

 

3.5 Experimental Design and Construction 

 All testing was conducted at the AU-SRF in Opelika, Alabama. After surveying the 

available land at the research facility, the channel was arranged on the topography that most 

closely suited the proposed channel and assisted in convenient water recycling for testing. The 

test channel as seen in Figure 3.5 was designed following an NDOT roadside channel. The silt 

trap and the sediment trap tests were conducted using the same channel. The entire testing 

apparatus was constructed before commencing testing. The silt trap testing was completed first 

before sediment trap testing was launched. The silt trap was positioned in the channel ahead of 

the mouth of the sediment trap to prevent any error that would occur from water or sediment not 
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passing through the trap and the accompanying installed practice. The silt trap was removed, and 

the channel was refurbished prior to sediment trap testing.  

 Both side slopes of the channel were 3:1 (H: V) due to test location space constraints. 

After consulting Exhibit 2.9 “Erosion Check Usage Chart” in Chapter Two of the NDOT manual, 

the first 55 ft of the channel was chosen to be a 5% slope because it was in the middle range of 

steepness and allowed room for the theoretical impoundment within the testing location 

constraints (NDOT 2006). The silt trap would be situated near the end of this 55 ft section, 

meaning the tests could occur on the same channel slope. The entire channel length was 75 ft 

with the last 20 ft of the channel at a 3% slope for the mouth of the sediment trap. From the right 

slope toe to the left slope toe, the channel width was 10 ft. The channel depth was 30 in. (76.2 

cm) from the channel bottom to the top of the slope bank. The limiting slope height occurred on 

the left side slope when oriented facing upstream. The channel configuration was shown in 

Figure 3.5. The excavation, construction, and grading processes were accomplished using a skid 

steer and a mini excavator. The evolution of that creation process is captured in Figure 3.6.  

 
(a) Profile of Test Channel Slopes 

(b) Test Channel Cross Section 
Figure 3.5: Test Channel Configuration 
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(a) Excavating Stage (b) Rough Grading Stage 

 
(c) Fine Grading Stage (d) Final Stage 

Figure 3.6: Construction Process 
 

 The silt trap was built following the NDOT special plan 5104 1 R0 “Silt Checks All 

Types” included as Appendix D. When conducting silt trap tests, the fully constructed sediment 

trap was barricaded with large interlocking sandbags to preserve the sediment trap basin integrity 

and cause water to flow out of the end of the channel. The sediment trap was built following the 

NDOT standard detail sheet 4505 5 R5 “Roadside Sediment Trap and Outlet” included as 

Appendix G. When the channel, silt trap, and sediment trap construction was completed, the 

entire testing area was covered in an 8 oz (227 g) geotextile that protected the grade and 

structural integrity of each area as well as function as a control for each installation tested.  


