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Abstract

A study of enhancing construction stormwater management was conducted through the
completion of two distinct projects. One project focused on improving technology transfer
methods through providing stormwater education and outreach to underserved communities,
specifically counties within the Black Belt region of Alabama. The service area encompassed 47
individual U.S. Census Bureau tracts within 17 counties of Alabama. This area has experienced a
population migration out of the area due to a lack of opportunities. In fact, populations in the
service area are less than 2,500 and have median household incomes well below 80% of the State
Non-metropolitan Median Household Income. In addition to socioeconomic disadvantages within
the service area, there are also environmental concerns. Alabama is highly vulnerable to erosion
and is at high risk for construction stormwater pollution due to the heavy rainfall and erosive soils.
The Black Belt region of Alabama had highly fertile soil that led to cotton production, and due to
the heavy production of cotton, the topsoil is now depleted which compounds flooding and pooling
effects. This project seeks to fill the gap between researchers and practitioners through developing
training specific to on-site needs which have been assessed through a state-of-the-practice survey
as well as interviews with various county engineers. Common challenges faced by stormwater
professionals in the area have been determined which has allowed for the creation of targeted
outreach materials.

Overall, this study found that communication with stakeholders is essential for successful
transfer. In addition, rural communities have distinct needs that differ from urban communities
due their socioeconomic status. Thus, working directly with such communities and involving them

in the decision-making process is necessary to provide long-term benefits. Ultimately, working



with the service area community members and targeting specific needs are essential for successful
technology transfer implementation.

The second project focused on developing recommendations for future volumetric sizing
guidance of the live storage component of sediment basins on construction sites. To do so, a study
of the long-term performance of four proposed sizing guidance methods for sediment basins
compared to two standard designs was conducted using the USEPA SWMM for 150 distinct
locations. Such proposed sizing methods include applying a sizing factor of 1,800 ft3 per acre (125
m? per ha) of disturbed land and calculating the volume of runoff generated using the local 85th,
90th, and 95th percentile precipitation events. The two standard design sediment basins include
calculating the runoff generated from the local 2-yr, 24-h storm event and applying the sizing
factor of 3,600 ft® per acre (250 m® per ha) of disturbed land. The results of the analysis of the
original six basins were used to determine the optimal size of a sediment basin for each study
location. This optimal design considered the relationship between basin storage volume and runoff
capture rate and utilized a method to determine the point at which larger basins result in
diminishing returns.

Stormwater runoff from construction sites is a leading cause of environmental degradation,
yet sizing guidance for sediment basins lacks scientific justification and relies on industry rules-
of-thumb. This study aims to provide scientific justification for sediment basin sizing regulations
by investigating the mean percent of live storage volume utilized and the mean percent of overflow
through the auxiliary spillway for each proposed sizing method compared to the standard methods.

Sediment basins were designed and sized in Excel for 150 locations across the United
States, each with varying annual precipitation amounts. At each location, sediment basins were

designed for each of the 4 proposed sizing methods, the 2 standard methods, and each of the tested



optimal designs. The geometry data, along with several other parameters, were input into SWMM
to run long-term simulations using the local historical precipitation and air temperature data. This
project seeks to provide a further understanding of the long-term performance of sediment basins
and hopes to both provide future sizing guidance as well as be used as a basis for future testing
and analysis of the long-term performance of sediment basins to ensure that a sufficient amount of
live storage volume is utilized while ensuring that overflow from the basin is not detrimental to
water quality and downstream communities.

Analysis showed that each proposed sediment basin design utilized a statistically higher
mean percentage of live storage volume when compared to each standard sediment basin design
across the entire simulation period. This means that the standard basin designs may be oversized.
In addition, the study found that 120 of the 150 optimal design basins had a VVSF of less than 3,600
ft per acre (250 m? per ha), the current USEPA standard. Thus, further testing and analysis may
supplement the research conducted in this study to ensure that a sufficient amount of live storage
volume is utilized and that overflow from the basin is not detrimental to water quality and

downstream communities.
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Chapter 1: Introduction

1.1  Background

Construction is pivotal to society as it promotes economic growth, shapes the physical
infrastructure of communities, and provides employment opportunities, yet its impact on the
environment cannot be overlooked. Construction activities often include earth-moving activities
that disturb the earth and leave the topsoil exposed. Nutrients and pollutants such as heavy metals
may attach to this exposed topsoil and be transported and deposited to other areas, including
downstream water bodies. This sediment-laden construction stormwater runoff contributes to the
staggering 70% of sediment in the United States that results from human land use (Indiana
Department of Environmental Management 2025). Therefore, it is essential to manage erosion
with on-site practices so that soil, nutrients, and other pollutants are not carried to waterbodies and

thereby degrading water quality.

1.2 Stormwater Regulations and Proper Management Practices

Despite local, state, and federal regulations requiring construction sites to implement
Erosion and Sediment Control (ESC) practices to minimize stormwater runoff, construction
stormwater management continues to be a challenge on many sites which may lead to the discharge
of large quantities of sediment-laden runoff into downstream water bodies, thereby degrading
water quality. While construction is pivotal to society as it promotes technological advancement,
economic growth, and community development, it may also lead to environmental degradation,

which requires innovative solutions to minimize environmental impacts by protecting downstream



water bodies. In fact, the 2021 ASCE Report Card for America’s Infrastructure assigned a grade
of D to stormwater infrastructure in the United States (American Society of Civil Engineers 2021).

Construction sites alone can cause more than 45 tons/acre/year (100 tons/ha/year) of soil
erosion (Alsharif 2010). At the beginning of construction projects, sites are typically cleared of
ground cover and graded, thus removing the protective vegetative cover from the ground. During
this construction phase, sediment is the primary pollutant of concern as the lack of ground cover
increases soil erosion rates (Perez et al. 2016). Sediment loads coming from construction sites are
2,000 times greater than sediment loads from wooded areas and between 10 and 20 times greater
than sediment loads from agricultural lands (Zech et al. 2014a). This excessive sediment can
severely degrade water quality by increasing turbidity which can harm aquatic life and disrupt
ecosystem functions (USEPA 2023). Additionally, sediment can act as a carrier for harmful
pollutants, such as heavy metals and nutrients, further compromising water quality and ecosystem
health. Therefore, it is essential that erosion and sediment control best management practices

(BMPs) are properly designed, installed, and maintained.

1.3 Sediment Basins

To comply with regulations, many construction sites utilize sediment basins as a BMP due
to their ability to capture and store large quantities of water while allowing suspended sediment to
settle. After the suspended solids have settled out of suspension, surface dewatering with a floating
skimmer is a common practice used to discharge the clean water from the top of the sediment basin
to an outlet (Schussler et al. 2022). These sediment basins are designed to a certain stormwater
(live) storage volume designed to handle a specific quantity of water based on local conditions and

regulations.



The U.S. EPA identifies two acceptable approaches to size the live storage component of
sediment basins in their Construction General Permit (CGP): calculating the volume of runoff
generated within the drainage area using the local 2-year, 24-hour precipitation intensity estimate,
or applying a sizing factor of 3,600 ft® per acre (250 m? per ha) of disturbed land (USEPA 2022a).

Unfortunately, volumetric sizing guidance for sediment basins on construction sites, as
outlined in the CGP, lacks clear justification for using the two defined practices, as these standards
are primarily based on rules-of-thumb (USEPA 1976). On one hand, oversizing sediment basins
leads to unnecessary costs, maintenance, and land disturbance. On the other hand, under sizing
sediment basins can lead to flooding and negative impacts on downstream water quality. Excess
stormwater can be detrimental to communities and lead to flooding which, in urban settings,

caused 71 deaths each year between 2004 and 2014 (American Society of Civil Engineers 2021).

1.4 Alabama’s Black Belt

Uniquely named for its rich dark soil, the Alabama Black Belt, as seen in Figure 1-1,
contains 17 counties: Barbour, Bullock, Butler, Choctaw, Crenshaw, Dallas, Greene, Hale,
Lowndes, Macon, Marengo, Montgomery, Perry, Pike, Russell, Sumter, and Wilcox. While this
study focuses on the Black Belt counties in Alabama, the Black Belt region spans across many
states. The region has various definitions of its borders spanning from east-central Mississippi to

the Tidewater region of Virginia (Webster and Bowman 2008).



& Impaired Waterbody
[] Black Belt Counties

Figure 1-1: Map of Alabama Black Belt Counties

In Alabama, these counties are especially susceptible to the burdens associated with poor
stormwater management due to their clayey soils, vegetative cover, and socioeconomic status. Fine
particles such as silt and clay stay in suspension much longer than heavy particles such as gravels
and sands. In addition, as much of this region has historically been used for agriculture, much of
the land has been cleared, eliminating the natural filtration provided by vegetation. Vegetation
provides many other benefits including root anchoring, providing stabilized cover, and reducing
the overall volume of stormwater through plant uptake and transpiration, highlighting the critical
role vegetation plays in preventing soil loss and emphasizing the significance of its removal
(Muerdter et al. 2018). Finally, the socioeconomic disadvantages seen across the region may result

in a lack of resources for infrastructure development and maintenance.
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15 Poarch Band of Creek Indians

As a part of this project, a partnership was formed with the Poarch Band of Creek Indians.
While the Tribe lies just outside the Black Belt service area, technical resources have been
developed since they have similar needs to the Black Belt service area. The Poarch Band of Creek
Indians have lived together for almost 200 years as the Tribe was one of the eastern Indian tribes
that was not removed from their land. As the only federally recognized Tribe in Alabama, The
Poarch Band of Creek Indians plays a critical role in enhancing the overall quality of life in
Alabama and the United States as a whole. To date, the Poarch Band of Creek Indians have
generated over 6,000 jobs, with 90% of these positions held by non-natives, spent over $2 billion
by Tribal businesses on Alabama goods and services, and, over the last nine years, the Tribe has
reinvested over $1 billion. In addition, the Tribe donated over $7.5 million in 2022 alone. The
Poarch Band of Creek Indians play a significant role in supporting the state and the county and

this partnership has allowed for supporting their stormwater needs.

1.6 Research Objectives

This thesis encompasses two distinct projects. First, a project that aims to enhance water
quality in rural Alabama through developing and delivering outreach materials for stormwater
professionals and communities. Second, a project that aims to optimize the volumetric sizing of
the live storage component of sediment basins through a scientific analysis done in the USEPA

SWMM.

1.6.1 Project 1 Research Objectives

A literature review has been conducted to determine the current needs in the Black Belt
region of Alabama for training and outreach on Erosion and Sediment Control (ESC) related
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topics, with an emphasis on methods that are both cost-effective and performance-effective for
rural applications. To do so, literature has been analyzed from successful methods of implementing
ESC training across the U.S., focusing on those that have been successful in providing and
communicating training to underserved communities and disadvantaged populations comparable
to the Black Belt. To supplement the literature review, interviews have been conducted on
engineers in rural Alabama to determine specific training needs to help in identifying those across
the state that would have the most benefit in participating in the training.

Due to the environmental and socioeconomic challenges faced by the Black Belt, this
project strives to emphasize the need to provide specialized training in ESC practices to rural and
underserved communities, especially considering their specific regional characteristics. Through
investigating the challenges faced by construction stormwater runoff, both environmental and
socioeconomic consequences will be analyzed.

The project has four main goals listed below:

1. Develop and conduct a survey/literature review to determine state/regional ESC
educational needs;
2. Design and plan two in-person ESC workshops (1. hands-on installer training and 2. Field

Day) that will be held at the Auburn University Stormwater Research Facility (AU-SRF);

3. Conduct workshops at the AU-SRF for proposed service area participants; and,
4. Develop and distribute stormwater education and outreach materials to individuals within

the service area.

To achieve these objectives, seven major tasks have been identified:

1. Literature review and survey,



2. Design workshops,
3. Recruit participants,
4. Deliver workshops,
5. Develop outreach,
6. Disseminate outreach,

7. Final report.

1.6.1.1 Expected Outcomes

The expected benefits from this project are the development of professional ESC resources,
enhanced technology transfer, increased ESC training opportunities, increased public awareness
of the significance of ESC practices, and educational outreach. The training resources and outreach
to stormwater professionals and rural communities are expected to reduce impacts from

construction runoff sources and improve water quality in rural Alabama.

1.6.1.2 Achievement of Research Objectives

To achieve the four goals of this project, findings from the literature review and results
from the survey were analyzed and used to develop and deliver outreach materials to both
communities and technical audiences. From the survey and through meetings with various county
engineers, two in-person workshops were created, and service area participants were recruited.
The process of developing outreach materials heavily relied on concerns from the survey and
county engineers in the service area. For the technical outreach, topics or points of concern brought
up by individuals within the service area and assessed to create the most useful technical outreach.
For the community outreach, local concerns were discussed through the various meetings and

presentations, allowing for the development of targeted community outreach materials. Ultimately,



through close communication and collaboration with stormwater professionals and community
members in the service area, tailored outreach materials were developed to best target local needs

and further enhance water quality.

1.6.2 Project 2 Research Objective

The objective of this work is to determine a method for sizing the live storage volume of
sediment basins on construction sites through calculating an optimal volumetric sizing factor
(VSF). To achieve this objective, the following tasks were developed:

1. Conduct a literature review on current and past sizing guidelines for sediment basins,
2. Determine sizing methods to test against the current standards,

3. Develop an Excel spreadsheet to design and size each sediment basin,

4. Develop a SWMM model to calibrate several parameters,

5. Conduct long-term analysis of each sediment basin at each location, and

6. Analyze the long-term data to evaluate the performance of each sediment basin design.

Task 1 aims to provide insight into current and past sizing guidance for sediment basins
and seeks to determine any justification for such standards. In addition, this literature review will
also be used to determine several constant design methods and standards to be used throughout the
study. Task 2 utilizes knowledge gained to determine appropriate sizing methods to compare with
the standard designs. Task 3 involves creating an Excel spreadsheet that will be utilized for each
study location to ensure each basin is designed in the same way. This spreadsheet will allow for
user inputs to calculate the geometry of any basin design at any location given certain local
conditions. Task 4 includes developing a USEPA SWMM model that will be replicated across

each location. This model will have several parameters to be held constant across each location to
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ensure that only the effects of changing the volumetric sizing method are assessed. Task 5 involves
using the USEPA SWMM tool to run long term analyses on each of the basin designs at each
location. Results from these simulations will be utilized to calculate the Optimal Design basin at
each location. Finally, Task 6 will include performing an analysis on the performance of each basin

and offering recommendations for future testing.

1.6.2.1 Expected Outcomes

As a result of this project, sediment basin volumetric sizing guidance will be optimized to
minimize the effects of excess construction stormwater runoff thereby enhancing water quality. In
addition, sediment basins in general are expensive practices due to large installation and
maintenance needs; thus, optimizing the size of these basins will consider these costs and work to
lower them. Through improved sediment basin sizing guidance, the potential consequences from

both over- and undersized sediment basins will be diminished.

1.7 Organization of Thesis

This thesis has been divided into eight chapters to achieve the goals and expected outcomes
of these projects. After this introduction chapter, Chapters 2 to 4 cover project 1, Chapters 5 to 7
cover the project 2, and Chapter 8 offers conclusions drawn from both projects.

Chapter Two: Literature Review of Alabama’s Black Belt and Technology Transfer Best
Methods, delves into the status of stormwater management in the Black Belt counties of Alabama
and explores best methods for communicating research into practice for rural applications. Chapter
Three: Means and Methods for Technical Training and Outreach, details the process of technology
transfer undertaken to communicate stormwater research into practice as well as the methods used

to educate community members on the significance of stormwater management. Chapter Four:



Results and Discussion of Technical Training and Outreach Efforts presents the results of the state-
of-the-practice survey and outreach efforts.

Chapter Five: Literature Review of ESC Practices provides a discussion about the history
of sizing guidance for sediment basins as well as the use of hydrologic models. Chapter Six: Means
and Methods for USEPA SWMM Analysis outlines the design methods for sizing each sediment
basin as well as the SWMM model setup and parameters. Chapter Seven: Results and Discussion
of Sediment Basin Long-term Performance provides the data and reports the results of a series of
statistical tests comparing the mean live storage volume utilized and the mean percentage of
overflow for each VSF to each standard design. Finally, Chapter Eight: Conclusions and
Recommendations presents project conclusions, applications, and recommendations for future

work.
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Chapter 2: Literature Review of Alabama’s Black Belt and Technology Transfer Best

Methods

2.1  Characteristics of the Black Belt Region

The Black Belt region has many distinct characteristics including its geographical features,
abundant water bodies, and socioeconomic dynamics. The region is frequently characterized by
its dark, clay-heavy topsoil overtop an impervious geological formation of limestone referred to
as Selma Chalk (Hansen 2018; Winemiller 2009), as well as its predominantly rural landscape.
These heavy clays block the absorption of water which leads to increased pooling of stormwater
and substantial runoff into local waterways (Black 2020). The once nutrient-rich soil that led to
extensive cotton farming driving economic success in the state has been depleted and eroded,
leading to specialized construction stormwater management needs. In addition, there has been a
lack of opportunities in the area as much of the cotton production has stopped, causing a population
migration out of the area leaving counties with some of the state’s lowest average incomes and
poorest health (Prior and Wong 2022). While cotton production had already slowed due to the
Great Migration and the depletion of fertile soil, Alabama faced a devastating boll weevil
infestation in the mid-1910s (Lange et al. 2009; Winemiller 2009). This invasion, while eventually
leading to the use of more diverse crops (Winemiller 2009), caused the area of cotton crops in
Alabama, Georgia, Louisiana, Mississippi, and South Carolina and cotton crop yields to decrease
by an estimated average of 27.4 and 31.3 percent, respectively (Lange et al. 2009). However,
Alabama’s Black Belt faced additional challenges in facing the boll weevils as the preventative

measures used to combat boll weevils, early planting and harvest, were unachievable due to the
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heavy rainfall and sticky mud in the region (Sisk 1952). These factors, as well as the additional
hardships faced by rural communities, frame the Black Belt region and contribute to its ongoing

struggles with economic stagnation, limited access to healthcare, and a continued cycle of poverty.

2.2 History of Alabama’s Black Belt

The Black Belt region of Alabama, named for its dark soil, is part of the larger crescent-
shaped Black Belt that spans across many southern states. The region is shaped by its physical
geography, culture, economic conditions, and its role in the historical development of the United
States. Prior to the discovery of its fertile soil, the Black Belt region was, for the most part, prairie
land, with about 356,000 acres (144,068.1 hectare) of prairie land being documented in the 1830s
(Hansen 2018). However, in the early 1800s, this rich soil was discovered and utilized for cotton
production resulting in less than one percent of the prairies remaining today. While Alabama’s
Black Belt was once home to great economic success due to its fertile soil being utilized for
extensive cotton farming (Prior and Wong 2022), the region has recently been characterized by its
poor socioeconomic status (Winemiller 2009).

Starting in 1818 and lasting through 1916, Alabama’s Black Belt played a pivotal role in
driving economic success in the state through extensive cotton production which even led to the
Black Belt being the economic engine of Alabama by 1860 (Prior and Wong 2022). In addition to
the great benefits provided by the fertile soil, the Black Belt region also had geographic benefits
that drew cotton farmers to the area. For example, the area was generally free of trees, close to
navigable rivers, and these rivers led to the Mobile port which allowed the shipping of cotton to
its main consumer: cotton mills in Great Britain (Prior and Wong 2022; Winemiller 2009).The
great cotton production caused the Black Belt’s population to increase from 19.44 to about 40

percent of Alabama’s population between 1820 to 1870 (Winemiller 2009).
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However, while cotton production in the Black Belt drove economic growth in the state, it
was heavily reliant on enslaved people and resulted in Cotton Culture. In fact, academics identify
the use of a work game system on cotton plantations as one of the three driving factors for success
(Prior and Wong 2022). Fogel and Engerman (1974) further studied the economics of plantations
with slaves and found at least 16 slaves were required to implement a work gang system.
Significantly, 10 of the 17 Black Belt counties were home to half of Alabama’s enslaved
population (Tullos 2004) , with 11 of the 17 current Black Belt counties having between 235 and

474 farms that had at least 15 slaves in 1860, as seen in Figure 2-1.
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Figure 2-1: Slaves on Alabama Farms in 1860 (Prior and Wong 2022)

However, during and throughout the Civil War, the Black Belt region began to decline.
With emancipation, many African Americans left the Black Belt due to the stricter segregation and
more limited opportunity when compared to other areas of the country (Prior and Wong 2022;
Winemiller 2009). In fact, Alabama experienced a period in the twentieth century known as the

Great Migration in which 13 of the 17 Black Belt counties lost over 25 percent of their total
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population. Specifically, while Alabama’s population grew by over 108 percent between 1910 and
2000, the Black Belt population grew by less than 1 percent and decreased by over 30 percent
when the more urbanized Montgomery County is removed from the Black Belt statistic
(Winemiller 2009). In addition, with emancipation, enslaved people were no longer an asset of the
farmers despite their reliance on manual labor. Thus, the freed men that stayed in the Black Belt
negotiated for annual labor contracts; however, many landowners were unable to pay these
contracts as a result of crop failures in the mid-1860s, so a new sharecropping system was put into
place which eventually evolved into the cotton credit system. Ultimately, these new systems put
African Americans in a new form of slavery to allow farmers to exploit them and utilize the manual
labor.

In addition to the lack of opportunities and segregation, this population loss can be
attributed to economic decline, mechanization of farming, declining cotton agriculture, and
economic growth and opportunities in other regions brought upon by the coal and steel industry
(Winemiller 2009). Significantly, while cotton production for Alabama increased until 1910, fell
in 1920 with the boll weevil infestation, and increased later in the 1920s to more than its 1910
level of production, the Black Belt experienced a 71 percent decrease in cotton production from
1910 to 1920 and never regained its 1910 level of production (Sisk 1952).

While there are many causes to the downfall of cotton production in Alabama’s Black Belt
and the subsequent economic decline, scholars believe the major factors contributing to the
downfall include the boll weevil infestation, decreased soil productivity, high levels of erosion,
and the government food production program of World War 1 (Sisk 1952). Ultimately, cotton

production and the subsequent economic success in the Black Belt originally made for great
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economic growth; however, multiple factors led to the decline of cotton production in the Black
Belt which subsequently began the ongoing decline of the region.

In addition to the cotton farming that has shaped Alabama’s Black Belt, the region has also
played a significant role in the civil rights movement and is the home to many artists and activists.
During the civil rights movement of the twentieth century, the bus boycott took place in
Montgomery County and the first African American pilots in U.S. military service, the Tuskegee
Airmen, received their training in Macon County. Also, the 1965 march for equal rights occurred
throughout the Black Belt from Montgomery to Selma, going through Dallas, Lowndes, and
Montgomery Counties and this march resulted in both the passage of the 1965 Voting Rights Act
as well as the formation of the Lowndes County Freedom Organization which eventually became
the Black Panther Party (Tullos 2004; Winemiller 2009). After these civil rights efforts, the Black
Belt became home to the largest proportion of African American elected officials across the U.S.,
starting with the election of the U.S.’s first African American probate judge in Greene County.
Despite ongoing hardships, Alabama’s Black Belt counties remain home to 23.27% of the state’s
Black or African American Alone population, forming the cultural identity of the region (America
Counts Staff 2021). Ultimately, the various factors that define Alabama’s Black Belt, including its
role in the economic success of the state, its geography, and its culture continue to characterize the

region and the understanding of such factors helps to determine the specific needs of the counties.

2.3 Construction Stormwater Runoff

Stormwater runoff has the potential to pick up many pollutants such as sediment, nutrients,
and heavy metals, and carry them to local waterways, thus impairing the water quality. On
construction sites there is often loose sediment and other debris that may be washed away by

stormwater, emphasizing the need for construction stormwater ESC practices. To protect these
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bodies of water, Best Management Practices (BMPs) are put into place to manage pollutants at
their source (U.S. Environmental Protection Agency 2024). Such BMPs may include sediment
basins, sediment barriers, and riparian buffers. The Clean Water Act established the National
Pollutant Discharge Elimination System (NPDES) which requires permits to be obtained before
any pollutants are discharged to waterways. Under the NPDES, the U.S. Environmental Protection
Agency (USEPA) regulates stormwater from three sources: municipal separate storm sewer
systems (MS4s), construction activities, and industrial activities (U.S. Environmental Protection
Agency 2024). The NPDES requires a Construction General Permit (CGP) for construction sites
that disturb one acre (0.4 hectare) or more so that they comply with regulations. The Alabama
Department of Environmental Management (ADEM) is responsible for managing construction
stormwater pollution in Alabama through the state CGP permit. To comply with regulations,
construction operators are required to develop Stormwater Pollution Prevention Plans (SWPPPs)
for construction activities to mitigate the effects of stormwater. The technical resources required
for the successful development of a SWPPP along with the deployment, installation, inspection,

and maintenance of ESC practices are lacking, especially in rural parts of the southeastern U.S.

2.4  Regional Vulnerability

Alabama and the southeastern U.S. are vulnerable to high volumes of stormwater runoff
and subsequent erosion due to heavy rainfall and soil type. In addition, the geographical location
of the southeastern U.S. as well as its topography make this region more vulnerable to climate
change while, at the same time, its residents may not have the resources to properly respond to

these impacts due to their socioeconomic status (Gutierrez and LePrevost 2016).
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2.4.1 Climate Change

While the southeastern U.S. is, as a whole, susceptible to the effects of climate change, the
experiences of those in rural communities within the southeast will differ from others (Gutierrez
and LePrevost 2016). One continuing impact of climate change that the NOAA Climatic Data
Center predicts is the increase in precipitation as well as the increase in hurricane intensity and
other extreme weather events (Gutierrez and LePrevost 2016). These changes not only exacerbate
environmental challenges but also impact human health, and these impacts are more severe for
rural communities where residents often lack the resources to respond to these threats. Such health
risks may include foodborne diseases, cancers, human development, mental health and stress,
vector-borne/zoonotic diseases, and/or waterborne diseases (Gutierrez and LePrevost 2016). Rural
life expectancy in these areas is significantly lower than in urban settings and the gap continues to
widen with climate-related factors playing a significant role in this disparity (Gutierrez and

LePrevost 2016).

2.4.2 Annual Precipitation

The southeastern U.S. experiences some of the highest precipitation seen across the county,
as seen in Figure 2-2. Increased precipitation puts higher loads on stormwater management
systems and can eventually cause these systems to fail if they are not properly maintained. Excess
stormwater runoff can have detrimental effects on downstream communities because of the
flooding it produces. In fact, a study done in Rochester, NY estimates that each 10,000 ft3 (283.2
mq) of annual runoff costs downstream communities in the area around $12,000 (Hellman et al.

2018).
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Figure 2-2: Total Precipitation in 2023 (Climate Prediction Center Internet Team
2023)

2.4.3 Biodiversity of Alabama

In addition to the challenges posed by climate change and heavy precipitation,
physiographic features in the southeastern U.S. including soil type, topography, and climate, are a
significant factor contributing to environmental vulnerability. Environmental challenges faced in
Alabama differ greatly across the state as its landscape is one of the most biodiverse in the country,
ranking as the fifth most biodiverse state in 2002 (Stein 2002). Therefore, it is essential to consider

the various needs of the area based on the varying characteristics of the landscape.

2.4.3.1 Physiographic Classification of Alabama

In an effort to describe the Earth’s surface, Fenneman 1928 explained a three-tier
hierarchical system for classifying a landscape based on characteristics such as geology,

topography, climate, ecosystems, and geographic location (Fenneman 1914; MiraCosta College
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2022; Neilson 2007b). These classifications aim to describe the characteristics of an area, or
landscape, in the most uniform manner possible (Fenneman 1928). Through this system, a
landscape is first classified into a physiographic region, then a physiographic province, and finally
a physiographic section (Fenneman 1928; MiraCosta College 2022). Further divisions,
physiographic districts, have since been implemented that consider the landscape’s local landforms
(Neilson 2007b).

Alabama’s diverse landscape has five physiographic sections: the Piedmont Upland
Section, the Alabama Valley and Ridge Section, the Cumberland Plateau Section, the Highland
Rim Section, and the East Gulf Coastal Plain Section. Each of these regions has distinct physical

characteristics (Neilson 2007b) and a map of these areas can be seen in Figure 2-3.

Figure 2-3: Physiographic Sections of Alabama (Neilson 2007b)
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The Black Belt Region lies within the East Gulf Coastal Plain Section, within the Coastal
Plain Province of the Atlantic Plain Region, which is characterized by a variety of landscapes but
is predominantly distinguished by a gently undulating terrain (Ebersole 2019; “Geographic
Regions” 2024; Neilson 2007b). Within the East Gulf Coastal Plain Physiographic Section there
are 8 distinct physiographic districts, with the Black Belt counties covering 7 districts: Fall Line
Hills, Black Prairie, Chunnenuggee Hills, Southern Red Hills, Lime Hills, Southern Pine Hills,
and Dougherty Plain (Ebersole 2019; Neilson 2007a). The predominant physiographic region seen
in the Black Belt counties, the Black Prairie, is characterized by the underlying chalk rocks which
are soluble by both surface and groundwater. Thus, it is essential that construction sites disturbing
the natural cover in this district use proper erosion and sediment control practices to prevent the

discharge of polluted water into waterways.

2.4.4 Soil Types in Alabama

The Black Belt region in Alabama gets its name from the dark, fertile topsoil seen across
the area (Jillian et al. 2024). This fertile soil lies overtop Selma Chalk which is a limestone base
formed by the millions of years of accumulation of plankton exoskeletons which have a high
calcium carbonate content (Hansen 2018; Winemiller 2009). The presence of calcium in the Selma
Chalk made for a nutrient-rich soil that was excellent for growing crops and allowed for the
expansive cotton farming that was seen across the state.

The formation of soils in Alabama and the southeastern U.S. occurred with heavy rainfall
and typically occurred under forests. This heavy rainfall led to the leaching of several base cations
such as calcium and potassium, which caused soils in this region to be acidic with a high mineral

content. In addition, soils in this region typically have lower levels of organic matter when
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compared to northern U.S. soils due to microbial growth and rapid organic matter mineralization
caused by the subtropical climate and heavy rainfall (Sikora and Moore 2014).

Throughout Alabama and the southeastern U.S., soils have similar chemical and physical
characteristics; however, there are still a many different soil types in the region each having distinct
properties (Sikora and Moore 2014). Specifically, as seen in Figure 2-4, the USDA maps the seven
distinct soil areas seen in Alabama with the Black Belt counties containing three soil areas:

Blackland Prairie, Coastal Plains, and Major Flood Plains and Terraces (Mitchell 2018).

" oEpgooe

Figure 2-4: Soil Areas of Alabama (Mitchell 2018)

Soils within the Blackland Prairie stem from alkaline, Selma Chalk, or acid marine clays,
with alkaline and acidic soils being intermixed over the area. In this area, the acidic topsoil
typically has a high content of smectitic clays which experience shrinking and cracking as well as

swelling which leads to poor drainage (Mitchell 2018; Sikora and Moore 2014). Subsoils in this
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area have high calcium and montmorillonitic clay contents (Sikora and Moore 2014). The clay
heavy nature of both the topsoil and subsoil lead to increased pooling and construction stormwater
runoff that require stormwater management practices to minimize environmental degradation.

Soils within the Coastal Plains derive from marine and fluvial sediments eroded from the
Appalachian and Piedmont plateaus and are typically acidic with a sandy topsoil and clayey subsoil
(Alabama Cooperative Extension System 2018; Sikora and Moore 2014). Due to the sandy
composition and acidic nature of soils in this area, specialized lime, fertilizer, water management,
and soil test methods are required to optimize crop yields and minimize erosion.

Soils within the Major Flood Plains and Terraces come from alluvium deposited by streams
in the area. Soil in this area is limited yet plays a significant role where present along streams and
rivers (Mitchell 2018). Ultimately, while Alabama and the Black Belt counties have similar soil
characteristics, determining the specific soil type present in an area is essential to properly
implement stormwater management practices to minimize erosion and to minimize the effects of

construction practices on local waterbodies.

245 Erosion

Erosion, or the wearing away of the Earth’s surface by wind, water, ice, or gravity, is highly
dependent on the geographic region and on-site specific conditions. While natural erosion is
essential for maintaining environmental balance, it occurs very slowly. On the other hand, erosion
due to construction activities can result in annual sediment losses of 35 to 45 tons per acre (78.5
to 100 tons per hectare), contributing to the substantial annual deposition of 2 to 6 billion tons of
eroded soil into U.S. waterways (Zech et al. 2014b).

Many factors contribute to erosion including soil erodibility, vegetative cover, topography,

and climate and season, which all play a role in exacerbating stormwater runoff and environmental
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degradation. Ultimately, the rich, fertile soil and the landscape of the Black Belt region contributed
to the agricultural success originally seen in the region. This fertile land was suitable for intensive
agricultural practices, especially cotton cultivation, and supported a robust local economy.
However, over time, extensive agricultural activity led to soil degradation. Continuous cultivation
without proper soil conservation practices, such as adding soil amendments to replace nutrients
used by the crops, resulted in severe erosion (Mitchell 2007). This erosion has not only diminished
agricultural productivity but also created challenges for stormwater management and land use
planning in the region, ultimately contributing to environmental degradation and making the land

less suitable for future farming without significant investment in restoration.

25 Needs Assessment

When determining the needs of the community members in the service area, it is essential
to consider the specific socioeconomic needs. The distinct characteristics that shape the Black Belt
region of Alabama help identify the needs of the area through providing a thorough understanding
of its environmental, economic, and social challenges which can inform targeted strategies for

addressing the specific challenges faced by such communities.

2.5.1 Rural Communities in the United States

Rural communities face additional hardships when compared to urban areas due to
economic and cultural differences; however, characteristics of rural areas across the country vary
greatly based on their landscape, culture, and geographic location. Classifications of rural areas
differ with some studies presenting six distinct rural classifications (James 2014) and others
defining three (Scoones et al. 2022). Despite their differences, rural areas across the country

generally experience economic restructuring and decline while receiving less governmental
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support and investments (Scoones et al. 2022). One such rural classification, “Chronically Poor
Areas,” encompasses much of the rural South, including Alabama (Scoones et al. 2022). These
areas often have low educational attainment, persistent economic hardship, and ongoing
population decline. In addition, these areas may face exploitation from local elites and suffer from
a lack of investment in community institutions which can trap populations in cycles of poverty
(Scoones et al. 2022).

However, while rural communities often face more hardships compared to urban ones, they
tend to have stronger community ties. Many rural residents place a higher value on working
together, knowing their neighbors, and addressing local issues, demonstrating a deep commitment

to their communities (Scoones et al. 2022).

2.5.1.1 Rural Communities in Alabama

For the 2020 Census, the U.S. Census Bureau defined urban areas as territories with at least
2,000 housing units or populations of at least 5,000 and rural areas as those not included in an
urban area (U.S. Census Bureau 2024). In 2020, 20% of the United States population was classified
as rural while 42.26% of Alabama’s population lived in rural areas. Notably, 11.40% of Alabama’s
rural population resides in the Black Belt counties even though these counties only make up
10.81% of the state's total population. In total, 4.82% of Alabama’s rural population lives in the
Black Belt counties while the other 37.45% live in non-Black Belt counties.

Similarly, the proportion of rural residents is higher in Black Belt counties than in non-
Black Belt counties, with 77.11% and 69.22% of the population living in rural areas, respectively.
Additionally, within the total Black Belt population, 44.54% is rural while 41.89% of non-Black

Belt counties population is rural.
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In addition to the significant rural populations residing in the Black Belt counties, there is
also a high percentage of land area that is rural. Specifically, rural areas comprise 98.60% of total
land area in Black Belt counties and comprise of 26.38% of the state’s rural land area with Black
Belt counties only being 25.64% of the total land area of the state. In addition, the rural land area
within the Black Belt constitutes 25.29% of the total land area of the state.

The defining characteristics and hardships faced by rural communities can lead to
significant disparities in economic well-being. According to the 2020 Alabama State Health
Assessment, poverty rates in 2019 were slightly higher for rural areas at 18.4% compared to 16.1%
in urban areas (Alabama State Health Assessment 2020). The same trend was seen for
unemployment rates in rural areas compared to urban areas, at 4.6% versus 4.3% (Alabama State
Health Assessment 2020). Ultimately, the rural composition of Alabama’s Black Belt and the
unique hardships faced by these communities play a significant role in shaping the characteristics

and experiences of the Black Belt counties.

2.5.2 Population Change

The Black Belt region of Alabama has some of the smallest populations seen in Alabama,
and these populations continue to decline while the populations in other parts of the state increase.
Between 1990 and 2018, the Alabama Black Belt Counties saw a population decline of 6% while
the rest of the counties saw a combined population growth of 13% (Archibald 2020). The Black
Belt has seen a loss of population due to a lack of opportunities, limited access to healthcare,
limited internet access, and other challenges faced by living in rural areas. This may result in
changes to federal funding allocations for critical institutions such as schools, hospitals, and
infrastructure as these are partially determined based on the U.S. Census data (Archibald 2020).

In addition, as the population in the Black Belt region has decreased, infrastructure development
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has focused on municipalities that have seen population growth which has left the Black Belt with
a lack of access to many essential resources (Winemiller 2009).

Alabama’s Black Belt faces many challenges due to its socioeconomic disadvantages. In
fact, Alabama’s Black Belt counties, on average, saw a population decline of 9.63% from 7/1/2010
to 7/1/2022 while populations in non-Black Belt counties saw an average growth of 2.68% (U.S.
Census Bureau 2019). In total, Black Belt counties saw a total population decline of 5.02%, non-
Black Belt counties experienced a 7.49% growth, and the state experienced a growth of 6.03%.

This great population decline can be attributed to the lack of opportunities in the Black Belt region.

2.5.3 Median Household Income

This lack of opportunity also contributes to the substantial difference seen in the Median
Household Income (MHI) for Black Belt counties when compared to non-Black Belt counties.
More specifically, in 2022, Black Belt counties saw an average MHI of $41,281 compared to non-
Black Belt counties which saw an average MHI of $56,463, a staggering 31.06% difference (U.S.

Census Bureau 2022a).

2.5.4 Poverty Rates

In addition to the substantially lower MHIs seen across the Black Belt counties when
compared to non-Black Belt counties, these counties also experience higher poverty rates. In fact,
all seventeen Black Belt counties had a higher poverty rate than the state poverty rate (U.S. Census
Bureau 2022a). These higher poverty rates in Black Belt counties in conjunction with the fact that
the state of Alabama already has some of the highest poverty rates in the country and even held
the sixth highest rate of poverty in 2022 (Alabama Possible 2022), signify the great hardships faced

by those residing in the Black Belt.
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Despite making up only 10.40% of Alabama’s population in 2022, the Black Belt counties
accounted for 14.74% of those in poverty across the state (U.S. Census Bureau 2022a). This
14.74% of Alabama’s population in poverty translates to about 23.03% of the Black Belt
population experiencing poverty in 2022. In comparison, non-Black Belt counties accounted for
85.26% of those in poverty in Alabama which corresponds to only 15.41% of those in non-Black
Belt counties experiencing poverty. Also, the Black Belt counties saw an average poverty rate of
26.79% compared to only 17.04% for non-Black Belt counties and the state poverty rate of 16.20%
(U.S. Census Bureau 2022a).

With Alabama already being one of the most impoverished states in the country, having
the seventh highest percent of people below poverty (15.7%) and the seventh highest percent of
persons at or below 150% of poverty levels (25.3%), between 2018 and 2022 (HD Pulse 2025),
the Black Belt counties all having higher poverty rates than the state average is especially
significant. While poverty rates in the Black Belt counties are already higher than the state average,
there are many people in these counties that are close to poverty thresholds as well as many people
living in extreme poverty. Specifically, while 20.5% and 25.3% of Alabama’s population is living
close to the poverty line at or below 125% and 150% of the poverty level, respectively, those
percentages rise to 32.6% and 38.4% for those in the Black Belt counties. This means that while
22.2% of the Black Belt was in poverty between 2018 and 2022, 6.4% and 11.8% of the Black
Belt population was living within 25% and 50% of poverty thresholds, making their financial
situation only marginally better than those in poverty. Similarly, while 7.2% of Alabama was in
extreme poverty living at or below 50% of their respective poverty threshold, a significant 9.7%
of the Black Belt population was living in extreme poverty, corresponding to 43.8% of those living

in poverty in the Black Belt (U.S. Census Bureau 2022b). Ultimately, Alabama and the Black Belt
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region of Alabama face high levels of poverty and may need additional resources and assistance

due to the hardships faced by the impoverished.

2.5.,5 African American Population

As seen in Figure 2-5, the African American population in Alabama is centered in the Black
Belt counties with an average of 53% compared to the African American population in the state
being only 27% (Aladuwaka et al. 2022).

In addition, according to the 2020 U.S. Census, 25.8% of Alabama’s population and 55.5%
of the Black Belt’s total population is Black or African American alone. Significantly, 23.3% of
the total Black or African American Alone population resides in the Black Belt counties despite
those counties only making up 10.8% of the total population in the state (America Counts Staff
2021). As shown in Figure 2-5, the 11 counties in Alabama with over 50% of their population
being Black or African American alone are all within the Black Belt (America Counts Staff 2021).
Despite civil rights efforts and the influx of African American elected officials, racial inequalities
are still prevalent in the Black Belt. The efforts to bring about political and societal change have
been hindered by the inability to access the region’s economic resources, which primarily benefit
a small group of wealthy landowners and global timber and paper corporations. While cotton fields
are no longer dominant, vast expanses of pine plantations, cattle ranches, and hunting leases now
occupy the land, with property owners profiting from one of the most regressive tax systems in the
country. Segregation in education remains prevalent, as white families continue to leave for private
Christian schools (Tullos 2004). Overall, racial inequalities and systemic barriers contribute to the
socioeconomic challenges Black Belt communities face and are essential to consider when

determining the needs of these communities.
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Percent Black or African American Alone,
Total Population by County: 2020

Alabama: 25.8%

Percentage of total
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Figure 2-5: Percent Black or African American Alone in Alabama in 2020 (America
Counts Staff 2021)

2.5.6 Health and Education Disparities

In addition to economic disparities in the Black Belt region of Alabama, there are also
health and education disparities when compared to the rest of the state. Scholars agree that health
and level of educational attainment are positively correlated, but there is debate on whether this
relationship is causal (Eide and Showalter 2011). However, education is a known indicator for
chronic diseases as it contributes to comprehending employment options, income mobility, and
fundamental literacy (Alabama State Health Assessment 2020) so having lower educational
attainment levels may be detrimental to individuals and communities. Based on a national survey
between 1980 and 2016, Alabama’s Black Belt saw higher rates of prostate cancer, cardiovascular
disease, obesity, and diabetes when compared to both the state and the U.S. (Aladuwaka et al.

2022).
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Alabama as a whole already has some of the lowest levels of educational attainment in the
country, so understanding the educational disparities in the state and how those disparities are
exacerbated in the Black Belt is essential. Between 2018 and 2022, among individuals aged 25 and
older across the 50 U.S. states, Washington D.C., and Puerto Rico (52 total), Alabama ranks forty-
fourth for the percentage of the population whose educational attainment is less than high school
(12.3%) and forty-sixth for the percentage of the population whose educational attainment is at
least a bachelor's degree (27.2%) (HD Pulse 2025). In comparison, when taking the average of
each Black Belt county’s percentage of the population with the specified educational attainment,
it is found that the average percentage of the population is 16.9% and 17.6% for those whose
educational attainment is less than high school and at least a bachelor's degree, respectively (HD
Pulse 2025). This means that, on average, the Black Belt counties have a higher percentage of
individuals that achieved less than high school and a lower percentage of those who received at
least a bachelor's degree when compared to the state. With Alabama having some of the lowest
levels of education in the U.S., having the Black Belt counties have significantly worse educational
attainment emphasizes the disparities seen in this region.

Black or African American individuals have a higher potential of experiencing health
disparities than White or Caucasian individuals, putting greater burdens on these communities due
to most of their population being Black or African American Alone (Frugé et al. 2024). Notably,
between 2018 and 2022 in Alabama, 15.0% of Alabama’s Black or African American population
that is at least 25 years old has achieved less than high school while 19.2% have achieved at least
a bachelor’s degree. In comparison, the average percent of the Black or African American
population in the Black Belt counties that have achieved less than high school is 19.6% and 12.5%

for those who have achieved at least a bachelor’s degree (HD Pulse 2025). Black or African
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Americans in Black Belt counties experience high levels of educational disparities when compared
to those in non-Black Belt counties, highlighting the need to address these specific needs.

While educational attainment level is correlated to health, there are other factors
influencing health disparities in the Black Belt. With Alabama being predominantly rural,
individuals may encounter not only physical obstacles to obtaining care, but also social stigmas
that hinder their comfortable access to services (Alabama State Health Assessment 2020).
Alongside the social stigmas hindering health care access, the longer distances to services as well
as the higher rates of health facility closures in rural areas compared to urban areas can create
disparities between rates of morbidities and mortalities (Miller and Vasan 2021).

In addition, rural areas in the southeastern U.S., which have significant Black or African
American populations, have less access to healthcare. In fact, rural areas in the southeastern U.S.
have access to only 67 healthcare professionals per 100,000 residents while urban areas have
access to 370 healthcare professionals per 100,000 residents (Frugeé et al. 2024). In addition to the
burden health disparities place on the Black Belt counties, especially for the Black or African
American population, these individuals also face higher levels of inequality in education, poverty,
and health literacy (Frugé et al. 2024).

The Black Belt counties in Alabama have several factors that continue to shape the
economic and social landscape of the area, influencing the opportunities as well as access to
resources for these communities. The Black Belt counties are some of the most rural areas in the
country, continue to see declining populations, have some of the lowest MHIs and highest poverty
rates, have high percentages of Black or African American populations, and experience

educational and health disparities. The combination of factors impacting the Black Belt counties
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provide a necessary background on the experiences of these communities and the challenges they

face which help identify the specific needs of the area.

2.6 Technology Transfer

Technology transfer involves the process of communicating technology, or technical
knowledge, from one entity to another for adoption and eventual practice. Moreover, a requisite
criterion for valid technology transfer is the adoption of, and continual use of, the transferred
technology (Souder et al. 1990).

While many definitions and models of technology transfer exist (Harmon et al. 1997;
Lavoie et al. 2022), one significant model describes the role of the public university in providing
technology transfer to its community (Nogueira et al. 2024). This model explains the role
universities play in improving communities through innovation, and it describes the challenges
faced in this process. An important consideration in this model is the role of the community
throughout the technology transfer process; communities should be involved in the technology
transfer process from the idea generation phase for the greatest success (Nogueira et al. 2024). By
hearing and understanding community needs before the generation of new technology, universities

can ensure that this technology will be both utilized and beneficial to the targeted community.

2.6.1 Technology Transfer in Rural Communities

Technology transfer is essential for communicating research into practice, and it has
distinct challenges when applied to rural communities that may vary from urban applications.
These unique challenges may include limitations in infrastructure, lack of technical resources and
tools, and disparities in education. To best confront these challenges, it is important to consider

the needs and current state of the specific community to adhere to their cultural and societal norms.
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Therefore, creating localized and contextualized approaches to technology transfer, encouraging
community engagement and participation, and providing capacity building and training to the
communities may prove beneficial to promoting the successful transfer of technology. Through
working with community members, a tailored method of technology transfer allows communities
to build on their current strengths.

Communities within the Black Belt counties of Alabama face distinct challenges due to
their socioeconomic status. Therefore, solutions to problems such as excess construction
stormwater runoff must be developed in such a way that they can be both utilized as well as
understood by the community.

Community engagement plays a vital role in successfully implementing technology
transfer by involving people in decision-making processes about initiatives that may affect their
environment. Through the involvement of community members in the creation of innovative
solutions, the likelihood of the successful implementation of this technology increases (U.S.
Environmental Protection Agency 2023b). The socioeconomic disadvantages, evident by the lack
of resources in these communities, make them acutely aware of what resources are at their disposal
and that knowledge coupled with expert experience and skill amplifies the potential success of the

initiative.

2.7  Best Practices for Technology Transfer, Training, and Adult Education

To best target the environmental and socioeconomic needs of the service area, technology
transfer practices have been analyzed. The exchange and application of knowledge from
researchers to practitioners and community members is essential to ensure the successful
implementation of the research findings. In the continuously evolving field of stormwater

management, the ability to effectively transfer technology from research and development to
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practical applications is essential for driving innovation, fostering collaboration, and achieving
real-world impact. To assist with developing successful training and resources for the Black Belt
region of Alabama, other successful programs that have been conducted across the U.S. were

analyzed.

2.7.1 Technology Transfer Programs

The University of Minnesota Water Resources Center (UMN WRC) and the Minnesota
Stormwater Research Council (MSRC) have developed a comprehensive program to enhance
urban stormwater management through research collaboration. The MSRC plays a critical role in
coordinating research, prioritizing needs, and promoting technology transfer. This initiative
involves diverse stakeholders across Minnesota, aiming to mitigate the impacts of urban
stormwater by studying both structural and non-structural practices, policies, and techniques. The
program encompasses obtaining diverse funding sources, forming partnerships, engaging
stakeholders, identifying research priorities using the Minnesota Stormwater Research Roadmap,
and facilitating technology transfer by determining the most effective and efficient way to deliver
results of research to the groups that may benefit the most from it. In addition, to promote
technology transfer, their program emphasizes that while completing the research is the first step,
accurate application of the results by practitioners, professionals, and policymakers is also
necessary. To do so, the program has three major components for the technology transfer section:

1. Requiring all funded research projects to have a technology transfer component.

2. Designing and delivering a variety of research transfer events.

3. Establishing a full time Extension Educator position jointly funded by the center and

the Minnesota Sea Grant College Program.
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Through this collaboration, the program addresses the challenges of urban stormwater and
contributes to effective water resource management (Bilotta and Peterson 2021).

At Western Kentucky University, the Center for Water Resource Studies (CWRS) was
established to transform research into practical tools. Employees at the CWRS serve as the
intermediate to help create tools and actions out of research findings. To do so in rural areas, the
CWRS worked with Spatial Data Integrations, Inc. (SDI) to create a cooperative venture that had
four main goals: research and development, shared intellectual property, providing tools to rural
utilities, and creating a mobile training and emergency response vehicle (Ernest et al. 2009).
Providing the necessary tools to rural communities is essential for those with small populations, in
this case less than 3,500, who may not have access to these tools otherwise. In addition, providing
mobile training may be essential to provide on-site training to rural communities that need it and

may not have access to other training opportunities.

2.7.2 Best Practices in Adult Education

It may also be important to consider the best practices in adult education with particular
concern with rural applications. For example, local control and regionalism tend to be important
factors for rural adults as the ability to take part in the decision-making process through an
application of their ability and knowledge of local issues is significant (Wilson and Hayes 2009).
In addition, open dialogue may allow for the determination of where the gaps in knowledge exist
and knowledge transfer amongst the group may allow for a complete understanding of the
problems in their community and potential solutions. Educators must consider social justice as
they should engage with and listen to community members to best comprehend their current
knowledge and problems in order to develop the best and most efficient training and education

methods (Wilson and Hayes 2009).
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2.8 Conclusion

The Black Belt region of Alabama faces many challenges in managing construction
stormwater runoff due to its regional characteristics including its geography, ample water bodies,
and its socioeconomic dynamics. An abundance of clay topsoil in the area lying overtop
impervious limestone coupled with great rainfall depths in the region justify the need for
specialized construction stormwater management solutions. Socioeconomic factors prevalent in
the region such as declining populations, low Median Household Incomes, high poverty rates, and
high Black or African American populations further prove the need for these solutions as well as

calling for the need for external resources.
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Chapter 3: Means and Methods for Technical Training and Outreach

3.1 Introduction

This chapter explains the steps taken to achieve successful technology transfer for the
service area and details the outreach efforts. The methods used throughout this project emphasize
communication with communities and stormwater professionals within the service area in order to

best address their stormwater needs.

3.2  Technology Transfer at the Auburn University Stormwater Research Facility

Founded in 2009, the Auburn University Stormwater Research (AU-SRF) was established
to create innovative and practical solutions for managing stormwater. By conducting
interdisciplinary research, evaluating products, and providing practical experience, the facility
continues to lead in the field of stormwater research. With over 254,000 ft® (7,192.5 m?®) of storage
volume and a footprint of about 9.75 acres (3.95 ha), the AU-SRF has the capability to conduct
full-scale testing for various local, state, and federal agencies while also being able to provide
excellent, unique hands-on training experience to stormwater professionals across the country.
Hands-on training provided by the AU-SRF showcases various practices used in the field, with
water running through them, and allows participants to install these practices. This unique
opportunity to offer hands-on training allows participants to gain invaluable experience in
stormwater management through non-traditional teaching methods that may be more successful
for professionals in a very hands-on field. The facility also showcases new research being

conducted and the progress being made on those current projects. Overall, with its expansive
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footprint and the extensive testing and training opportunities it offers, the AU-SRF plays a crucial

role in advancing research and education in stormwater management.

3.3  Development of RAISE Program

To aid with the development of outreach materials and to provide a recognizable entity, the
Rural Alabama Innovative Stormwater Education (RAISE) Program was developed. This program
has been utilized to recruit service area participants to training sessions and workshops as well as
to facilitate the distribution of outreach materials. Through RAISE, various community events
have been attended, many service area participants have attended training sessions, and many

outreach materials have been created and disseminated to the service area communities.

Figure 3-1: RAISE Logo

3.4  Determining Service Area Needs

Several efforts were taken to determine the specific needs of stormwater professionals and
communities in the service area. The efforts undertaken helped develop outreach materials for the
rural communities within the service area by providing valuable insight into the specific needs and

the current status of stormwater management among professionals and community members.
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3.4.1 State-of-the-Practice Survey

To determine the specific training needs of stormwater professionals in the area, a state-of-
the-practice survey was developed. The survey questions were developed to maximize data that
will be useful to the team in developing the training sessions as a part of Task 2 as well as the
outreach materials as specified by Task 5. The survey has been sent to and completed by 95
stormwater professionals who do most of their work in the Black Belt region of Alabama and has

provided insight on how to best implement stormwater training for rural communities.

3.4.2 Meetings with Stormwater Teams in the Service Area

To best identify the needs of stormwater professionals in the area, focus group-style
meetings were held with stormwater professionals in Greene County, Dallas County, and with the
Poarch Band of Creek Indians. These meetings were conducted to have an open discussion about
current practices and challenges of stormwater professionals in the service area as well as
challenges faced among their communities. To prepare for these meetings, a list of ten questions
was developed; however, discussions were open-ended and did not strictly follow these questions
but instead led to further, more specific questions and discussions. The list of prepared questions
brought to each of these meetings is listed below.

1. Can you describe the types of stormwater projects you are currently involved in?

2. Are there any specific areas within stormwater management that you need additional
training or support in?

3. Are there specific regulations or guidelines that you find challenging to stay compliant
with? If so, which ones?

4. Can you describe the specific challenges you face in managing stormwater in rural areas?
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9.

Are there any barriers or challenges you encounter when seeking stormwater-related
training or resources?

How, if at all, do you measure the effectiveness of stormwater management practices and
projects in your area?

What are your long-term goals or priorities for improving stormwater management in your
organization or community?

Are there any specific case studies of successful projects related to stormwater
management that you would like to learn from or replicate in your work?

What are you hoping to gain from attending the training sessions in May?

10. Is there something you want to see or would like us to discuss at the training events?

Ultimately, these in-person meetings proved extremely beneficial through harboring open

communication with stormwater professionals in the service area. Through these meetings, the

recruitment of professionals to attend the hands-on training events at the AU-SRF was achieved

as well as the generation of ideas for outreach materials.

3.4.3

Conference Attendances and Presentations

In addition, several conferences have been attended to present current findings as well as

to hear insight from other stormwater professionals working in rural areas. Many detailed

discussions resulted from these presentations and helped determine further needs and best

methods for implementing outreach in rural areas.

Presentations were given at the Association of County Engineers of Alabama annual

conference and the Alabama Water Resources Conference to gain insight into the needs of

stormwater engineers in the service area.
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35 Schedule of Events Attended

Several events have been attended to learn from stormwater professionals, in the service

area and not, other professionals and organizations with similar projects, and community

members. In addition, several hands-on technical events have been hosted to provide training

opportunities for stormwater professionals in the service area. A summary of events attended can

be seen in Table 3-1.

Table 3-1: Schedule of Events Attended

Date

Event

Event Type

02/25/2024 - 02/28/2024

03/01/2024

03/27/2024

04/24/2024

04/25/2024

05/07/2024 — 05/08/2024

05/08/2024

05/13/2024 - 05/14/2024

05/15/2024 - 05/16/2024

05/17/2024

09/04/2024 - 09/06/2024

09/25/2024 - 09/26/2024

2024 IECA Annual Conference & Expo
NCF-EnviroThon
Greene County Meeting
Dallas County Meeting

Fort Moore Earth Day Fair

2024 Association of County Engineers of
Alabama Annual Conference

Poarch Band of Creek Indians Meeting

Hands-on Erosion & Sediment Control Installer
Workshop
2024 Municipal Wet Weather Stormwater
Conference
Innovative Erosion & Sediment Control Field
Day

2024 Alabama Water Resources Conference

Clear Water Alabama Seminar & Field Day

Conference
K-12 Outreach
Focus Group
Focus Group
K-12 Outreach
Conference
Focus Group
Training
Conference
Training

Conference

Training &
Conference
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3.6 Stormwater Week

Through this project, several free training opportunities were provided to stormwater
professionals working or residing in the service area. Such events include Stormwater Week at
Auburn University and the Clear Water Alabama Seminar and Field Day. These events allowed
participants to further their knowledge of stormwater management while also receiving on-site
training as well as several networking opportunities. To recruit eligible participants to attend these
events, two methods were employed. First, a master contact sheet was developed and emails
explaining these opportunities were sent periodically with the option to refer another potential
participant. Second, word-of-mouth was utilized to spread knowledge about these free
opportunities to professionals in the service area. Through utilizing both methods, many

participants were recruited for and attended the free training opportunities provided.

3.7  Development of Technical Outreach Materials

Through meeting with various county engineers, the most beneficial types of outreach
materials were investigated. Community resources offering explanations on the significance of
stormwater management proved to be necessary and lacking in communities within the service
area. Similarly, clear implementation methods for several best management practices are lacking
for members of these communities that may also not have the resources or ability to attend training
events. Developing these resources is essential for successful technology transfer to ultimately

enhance water quality in the Black Belt region of Alabama.

3.7.1 Video Series

A major component of the technical outreach materials developed was the creation of

several videos in the “Stormwater Quick Dip Series.” For this series, the goal was to create short,
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yet informative videos for stormwater professionals offering explanations of several components
of the Alabama CGP as well as detailed instructional videos for the installation of several
commonly used erosion and sediment control practices on construction sites. While these video
types had different formats, they had similar introductions and outros and were all a part of the
same series for recognition.

For the Alabama CGP videos, it was decided that the beset format would be a more
traditional lecture format where the key points would be brought up as bullet points. These videos
were developed by the team using basic video editing software.

For the instructional videos of erosion and sediment control practices installation, it was
decided a more unique, hands-on approach was required. To accomplish this, a professional media
group was hired to film, edit, and produce these videos. To prepare for the media group filming
day, an extensive number of scripts for various installations were prepared to ensure that any
available time was spent recording an additional video. These scripts highlighted key installation
points to be covered and useful points to mention throughout the video. Before filming, the
construction site where these practices would be installed had to be prepared by cleaning the site,
doing the initial site preparation, or cleaning and grading, and the materials for the practices to be
installed had to be transferred to the site. The preparation for the filming of these videos was
extensive yet proved beneficial for the actual filming day through the amount of time saved on

these measures taken.

3.7.2 TigerStream Webinar Series

The TigerStream Webinar Series was developed to offer a free opportunity for stormwater
professionals to attend an online meeting where researchers present information and findings on

their current and past projects. These webinars have been hosted by several graduate research
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assistants working for the AU-SRF as well as by researchers to discuss findings and how to
implement such findings. This free series is offered monthly via Zoom and is available as a
recording on the AU-SRF YouTube channel after the session. Through providing this free
opportunity, several participants may have this experience when the financially were unable to do
so otherwise. In addition, providing this resource as a free recording on YouTube allows
participants that are unable to attend due to work or other obligations to learn about these research

findings.

3.7.3 Other Technical Outreach Materials

Other technical outreach materials and efforts were developed and undertaken to help
facilitate technology transfer between stormwater researchers and professionals. For example,
the Alabama Blue Book was sent to all of the county engineering offices within the service area
through a contact list provided by a member of Association of County Engineers of Alabama. In

addition, CAD drawings

3.8 Dissemination of Outreach Materials

To facilitate the dispersion of outreach materials, many methods were utilized. For the
videos, the most common method of dissemination was through social media including YouTube,

LinkedIn, and the AU-SRF website.

3.9 Community Outreach Efforts

Through meetings with county engineering teams as well as word-of-mouth
communication, several community events were attended, and outreach materials were created.

Meetings with county engineering teams across the service area highlighted a common problem
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seen in the region: litter. Litter was brought up individually by several groups showcasing that this
is a problem seen in many communities across the service area. To combat this, a brochure was
developed to give to communities that explains the significance of litter and the impacts it has on
stormwater and thus the environment.

In addition to physical outreach materials created, several community events were attended
to show the importance of proper stormwater management. For the first event, two tabletop rainfall
simulators belonging to the Auburn University Water Resources Center were utilized to show over
160 students and teachers attending the Alabama Envirothon the difference media can make in
infiltration. For the first demonstration (pictured on the left in Figure 3-2), native topsoil from the
Auburn University Stormwater Research Facility was used to show the slower infiltration provided
by this clay-heavy topsoil. The second demonstration (pictured on the right of Figure 3-2) utilized
amended topsoil containing pine bark to show the faster infiltration that can be achieved through
such stormwater controls as infiltration swales with this amended topsoil. During these
demonstrations, it was explained to students the consequences of slow infiltration such as ponding
which allows for mosquito breeding, increased flooding, increased erosion, and decreased water

being provided to roots (Minnesota Stormwater Manual 2021).
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Figure 3-2: Tabletop Rainfall Simulators Borrowed

For the second community event attended, the Fort Moore Earth Day Fair, a rainfall
simulator was created to model that was borrowed from the Auburn University Water Resources
Center. To create this simulator, four six-quart plastic containers were used as well as stackable
shelf counter organizers. Two of the containers had identical holes punched throughout the bottom
to allow for infiltration, and the other two served as catch basins to be placed under the infiltration
containers. The same two soil media were utilized for this demonstration with the native topsoil

being on the right and the amended topsoil being on the left, as seen in Figure 3-3.
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Figure 3-3: Tabletop Rainfall Simulators Created

3.10 Future Outreach Plans

Through this project, many ideas for future outreach efforts were identified. First, while
Black Belt communities have less resources available to attend to stormwater management needs,
they also have less ability to attend training events due to several factors. One such factor includes
the combination of work requirements as well as financial restrictions. Stormwater professionals
in the service may not be able to miss an entire day or two for training events due to a lack of other
employees to cover as well the inability to obtain funding to attend such training events. Thus, it
was suggested that a mobile training lab be developed to offer on the job training to stormwater
professionals in the service area. This idea provides several other benefits including the ability to
target the specific on-site needs of the construction site as well as providing a local training that
eliminates the need to miss a workday to attend training. An additional suggestion was the creation
of CAD templates of current research developments on the AU-SRF website to provide stormwater
professionals with more up-to-date practices that they may not have seen or been able to access

before.
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3.11 Conclusion

This section highlighted the methods used to determine the specific stormwater needs of
the project’s service area and discussed the outreach materials created. The objective of this work
was to develop and deliver training resources to the service area to improve water quality from
construction runoff sources. Therefore, a literature review and state-of-the-practice survey were
conducted to determine the specific needs of the service area. The results of these efforts were then
used to develop outreach materials such as training events, instructional videos, and K-12 outreach
events.

Ultimately, several outreach efforts were undertaken through this project to enhance water
quality in rural Alabama through providing technical training and resources to stormwater
professionals and communities within the Black Belt counties. Through the literature review, the
environmental and socioeconomic factors experienced by Alabama’s Black Belt were identified
and compared to the rest of the state. In addition, the best methods for implementing technology
transfer in rural areas were researched and applied to this project. Such best methods include
community engagement and direct communication to ensure successful implementation of the
transferred technology.

Then, using the knowledge gained from the literature review, a state-of-the-practice survey
was created. This survey sought to understand the specific needs of stormwater professionals in
the service area and identify where training may be needed for such professionals. Similarly, focus
group meetings were held to further discuss the specific needs of stormwater professionals in the
service area. These meetings allowed for open communication with citizens of the service area to

further understand their needs and the stormwater-related challenges they face.
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Ultimately, using the results of the literature review, survey, and focus group meetings,
several outreach materials were developed. The goal of these outreach materials was to enhance
stormwater management from construction runoff sources in rural Alabama. Therefore, the
developed materials targeted the specific challenges of the service area as identified by the
literature review, survey, and meetings. For example, the litter brochure was developed after the
focus group meetings identified that many of the service area communities struggle with litter.
Overall, the outreach materials developed for this project sought to target the specific needs of the
service area that were identified. To ensure successful technology transfer, outreach materials were

developed while utilizing techniques that were found to be successful for rural areas.
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Chapter 4: Results and Discussion of Technical Training and Outreach Efforts

41 Introduction

This chapter outlines the results of the state-of-the-practice survey and describes the key
points discussed in focus group meetings and conferences. Then, the resources and training
developed for stormwater professionals and communities in the service area are explained and
shown. Finally, the success of current and past training efforts are described and will be utilized

for developing further training resources.

4.2 Service Area Current Needs

To determine the current needs of the service area, the state-of-the-practice survey was
conducted, and the results were analyzed to best implement stormwater training for rural areas.
In addition, focus group meetings were held in various counties within the service area to hear
specifically from these counties what training resources would benefit their communities most.
Results from these efforts were used to develop technical training events as well as technical and

general outreach materials.

4.2.1 State-of-the-Practice Survey

Results from the state-of-the-practice survey were compiled and summarized to determine
the best methods of enhancing technology transfer specifically in the service area. Results were
analyzed as a whole as well as by the field of each stormwater professional. To do so, respondents
were asked to select the field they work in with the ability to select multiple fields. Therefore, the

total responses by field result in a total greater than the number of responses. The results
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specifically for Installers were especially of interest because Installers implement the practices and
methods this project aims to enhance.

In Figure 4-1, results indicate that the most common way that stormwater professionals
engage with their respective communities is through public meetings, emphasizing the importance
of their occurrence for educating community members on the significance of stormwater runoff.
Results among Installers saw similar results with public meetings and training sessions both being
the most common method of engagement. Significantly, similar concerns were discussed in the
focus group meetings, further highlighting the need for more awareness about stormwater runoff

among communities.

® Technical Workshops
m Public Meetings
® Training Sessions

Online Platforms

m Other

(@) All Respondents (b) Installers

Figure 4-1: How Stormwater Professionals Engage with their Community in
Stormwater Projects

As seen in Figure 4-2, the survey also indicated that the biggest challenge stormwater
professionals face when completing multi-disciplinary projects is communication: the first pillar
of stormwater management. Among Installers, the biggest challenges were both communication

and costs. Thus, enhancing communication among stormwater professionals is essential to limit
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stormwater management challenges and should be achieved through working with all interested

parties when developing technology transfer methods and outreach efforts.

® Design buy in

= Communication

= Terminology

= Costs
Leadership

= Other

(@) All Respondents (b) Installers

Figure 4-2: Multi-disciplinary Challenges Faced

Figure 4-3 was developed to assess the current level of knowledge among stormwater
professionals to best develop targeted training. It was found that engineers and regulators had the
most expert level of knowledge of local regulations; however, they still had a greater percentage
of advanced knowledge of local regulations; a trend seen across most fields. Ideally, this trend of
having a more expert level of knowledge of local regulations would also shift to contractors and

installers, or those that are in the field implementing the practices that engineers design.
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Other (30)

Sales (3)
Regulator (19)
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Installer (10)
Contractor (12)

Designer (15)

Engineer (32)
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E None u Beginner = Intermediate = Advanced m Expert

Figure 4-3: Stormwater Professionals’ Knowledge of Local Regulations

To further compare these results, Table 4-1 was developed. To develop this table, a
numerical value was assigned to each level of knowledge and then an average was taken for each
field. The value assigned to each level of knowledge from None to Expert is 1 to 5. Significantly,
Installers had one of the lowest average levels of knowledge of local regulations, only having
higher levels when compared to those who may not need to know these regulations at all: Sales
and Product Representatives. Again, a shift to higher levels of knowledge for Installers specifically
is desirable to ensure that stormwater practices are properly installed on construction sites to

adequately protect waterbodies.
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Table 4-1: Average Level of Knowledge of Local Regulations by Field

Field Average Level of Knowledge
Other 3.37
Sales 2.67
Regulator 3.84
Product Representative 3.00
Installer 3.10
Contractor 3.64
Designer 3.53
Engineer 3.75

Among the different fields, a variety of complex challenges were faced, with maintenance
being the most common challenge faced by all fields indicating they faced a challenge. Results in
Figure 4-4 highlight the challenges faced by all respondents, and Figure 4-5 divides the responses
by field for a more thorough analysis. It should be noted that the three respondents that identified
themselves as Product Representatives all stated that they do not face complex stormwater
challenges and therefore they did not identify any specific challenges faced. Here, while
maintenance remains the largest challenge faced among all respondents as well as for Installers

specifically, there is still a broad range of challenges faced that should be addressed.
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Figure 4-4: Complex Challenges Faced Among All Respondents
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Regulator (19)

Product
Representative (3)

Installer (10)
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Designer (15)
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E Design m Installation = Maintenance = Compliance m Other

Figure 4-5: Complex Challenges Faced by Field
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Finally, in Figure 4-6, the survey showed that engineers attended more training events
annually when compared to other fields which, again, would be a beneficial shift to those
implementing the practices in the field. Table 4-2 was developed to further analyze the average
number of training events attended annually by field. Despite the challenges faced by Installers
throughout stormwater projects, they, alongside Contractors, attend the lowest number of annual

training activities at an average rate of just two per year.

12

B0 m1 m2 =3 m4 m5+

[y
=] =]

Number of Respondents
=)}

Figure 4-6: Number of Training or Professional Development Events Attended by
Stormwater Professionals Annually by Field
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Table 4-2: Average Number of Training Events Attended Annually by Field

Field Average Level of Knowledge
Other 2.6
Sales 2.7
Regulator 2.6
Product Representative 4.7
Installer 2.0
Contractor 2.0
Designer 2.3
Engineer 2.6

Ultimately, the results highlight that installation and maintenance are major challenges
while Installers attend the least number of training events annually. There are several possible
explanations for these results, including the lack of training opportunities for Installers specifically.
When there are less training opportunities available, a larger portion of the workforce may want
to attend the same training event, thus decreasing the productivity of construction activities. Other
challenges faced by Installers include the lack of time to be away from a job site and the cost to
both attend as well as travel to the training event. In addition, traditional teaching methods may
not be successful for Installers and other stormwater professionals, so offering more opportunities
for hands-on and on-site training may offer significant benefits. Construction is also not a
specialized trade so those on-site may have never dealt with stormwater management practices
before and the construction site itself may have complex stormwater management needs. Installers

face many other challenges including the lack of understanding of the impacts of the practices they
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are installing (due to a lack of teaching this); construction workforce issues including language
barriers, high turnover rates, recruitment and retention issues, and an aging workforce; a lack of
training requirements and incentives to attend training events; and a resistance to change in
stormwater practices.

Ultimately, stormwater professionals and Installers specifically face many challenges,
especially in rural areas. Confronting the challenges and issues faced is essential to promoting
technology transfer and subsequently enhance water quality. Working directly with stormwater
professionals in the community of interest proves essential in successful technology transfer
through learning the specific challenges faced as well as the resources available to confront these

challenges in the long term.

4.2.2 Focus Group Meetings

Through these meetings and attendance of the conference, valuable insight was gained into
how to best develop and deliver resources to communities within the Black Belt counties. For
example, it was determined that a common problem these communities experience is excessive
litter by community members. Litter pollution can be conveyed into waterways through
stormwater, can clog storm drains, and threaten human and aquatic life (U.S. Environmental
Protection Agency 2023a). Thus, a poster was developed, as seen in Appendix A, to highlight the
significance of stormwater and the impacts litter has on water quality as well as communities.
Other key points discussed in these meetings include the high quantity of dirt roads that cause
erosion issues, especially with the heavy rain seen in the area, the high number of problems and
maintenance needs while also lacking the time, money, and crew to confront all of these needs,

and compliance and enforcement issues. Overall, these meetings provided valuable insight into the
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specific challenges faced by stormwater professionals in the Black Belt counties and allowed for

the creation of outreach materials tailored to these challenges and community needs.

4.3 Stormwater Week

Through RAISE, 30 participants who do some or all their work in the Black Belt Counties
(or work for the Poarch Band of Creek Indians) were recruited to participate in Stormwater Week
hosted by Auburn University. Of the 30 recruited participants, 27 work or reside in the Black Belt
counties with the other three participants working for the Poarch Band of Creek Indians.
Stormwater Week consisted of the following events: Hands-on Erosion and Sediment Control
Installer Workshop (May 13-14, 2024), Municipal Wet Weather Stormwater Conference (May 15-
16, 2024), and Innovative Erosion and Sediment Control Field Day (May 17, 2024). This week
allowed participants to gain valuable training in construction stormwater installation techniques
and provided the opportunity for networking opportunities with other professionals.

Of the 30 participants, nine attended the Hands-on Erosion and Sediment Control Installer
Workshop, 19 attended the Municipal Wet Weather Stormwater Conference, and 23 attended the
Innovative Erosion and Sediment Control Field Day, with nine participants attending all three

events.

4.4  Hands-on Installer Training and Workshop

To assess the success of the Hands-on Installer Training and Workshop, a survey was
given before the classroom session and after the field day session. This allowed for the
assessment of how knowledge levels changed as a result of this training session, with the results
being seen in Figure 4-7 below. Overall, there was an overall gain in levels of knowledge as a
result of the training sessions.
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Installing Slope Interrupters
Applying Flocculent

Installing Slope Drains

Applying Hydromulch

Installing Erosion Control Blankets
Installing Construction Exit Pads
Installing Sediment Basins
Installing Ditch Checks

Installing Inlet Protection Practices

Installing Sediment Barriers

0 1 2 3 4 5
® Pre-Workshop = Post-Workshop

Figure 4-7: Change in Knowledge Pre- and Post-Workshop (Note: 1 = Very Low; 2
= Low; 3 = Moderate; 4 = High; 5 = Very High)

To assess the overall impact of the training event, the percentage of respondents that had
each level of knowledge, from 1 to 5, was calculated for before and after the event. The results,
seen in Figure 4-8, highlight the overall increase in knowledge levels experienced as a result of
the training events, with the average level of knowledge before being between Low and Moderate
(2.5) and the average being between Moderate and High after the events (3.9). Overall, a positive

shift in knowledge levels were seen as a result of these training events.
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Figure 4-8: Average Level of Knowledges Before and After Installer Training

In addition to assessing changes in knowledge levels, overall opinions on the training
workshops were assessed for insight into how to improve these events in the future. The overall

opinions can be seen in Figure 4-9 below.

61



I will apply what was presented in my future
erosion and sediment control installations /
plans

The workshop exceeded my expectations

The workshop enhanced my understanding of
the subject

My questions were addressed - |

The amount of time allotted for the workshop
was appropriate

Too much information was presented

The training was clear and easy to follow

Figure 4-9 Overall Opinions on the Workshop (Note: 0 = Strongly disagree; 2 =
Somewhat disagree; 3 = Disagree; 4: Neither agree nor disagree; 5 = Somewhat agree: 6 =
Agree: 7 = Strongly agree)

Ultimately, the pre- and post-workshop surveys highlight the success of the Hands-on
Installer Training and Workshop. These events allowed participants to gain knowledge in various

stormwater management practices while allowing them to apply this new knowledge to their work.

45  Stormwater Week Participant Testimonials

To document the success of the program, participants of Stormwater Week through the
RAISE Program gave both video and written testimonials of their experiences with the Program
and the provided training sessions. These testimonials have identified what worked for the program

and have provided insight on how to improve the Program in future years. Three testimonials were
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received including one video testimonial and four written testimonials. For this testimonial, three
distinct questions were asked and are listed below.

1. How has the RAISE Program helped you professionally?

2. What aspects of the RAISE Program did you find most valuable or effective?

3. Is there anything else you would like to share about your experience with the RAISE

Program?

Through these testimonials, the success of the RAISE Program was assessed to be
considered for future outreach efforts. Responses to question one highlighted the benefit of the
training in showing various management techniques, new technologies, and the practicality of the
training through the hands-on component. Respondents emphasized that they will be able to use
what they learned to train the stormwater professionals they supervise. Responses to question two
showed the benefit of learning why proper installation is necessary and explained that the program
funding allowed several participants to attend these events when they otherwise would not have
been able to. Finally, responses to question three demonstrated participants’ appreciation of
learning about new technologies and research and how it is being used to develop new standards
and procedures. Overall, the testimonials receive highlight the success of the RAISE Program and

the benefits provided by the hands-on training events.

4.6 Conclusion

This project assessed the state of stormwater management in the Black Belt service area to
develop targeted outreach materials and ultimately improve water quality from construction runoff
sources in rural Alabama. The specific needs of the service area were identified through the

literature review, survey, and focus group meetings and then used to develop outreach materials.
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The goal of the developed outreach materials was to enhance the transfer of technology from
researchers to stormwater professionals in rural areas as well as to increase public awareness of
the importance of proper stormwater management.

The state-of-the-practice survey results and the discussions from the focus group meetings
revealed that training efforts and opportunities are lacking in rural areas, specifically for Installers.
Therefore, training events were hosted at the Auburn University Stormwater Research Facility and
funding was provided for stormwater professionals working and/or residing in the service area.
The training events allowed participants to gain further knowledge of stormwater management
practices and their proper installation and maintenance techniques. In addition, the funding to
attend these training events allowed several participants to attend when they would not have been
able to otherwise. Several other outreach materials were developed with a similar goal of
enhancing stormwater management in rural Alabama through technical training and public
awareness. For example, several community events were attended to showcase the differences in
infiltration rates based on soil type. In addition, further technical training was provided through
the development of instructional videos on the installation of various best management practices
and through the creation of the TigerStream webinar series.

Ultimately, this project found that working directly with rural communities is essential for
successful technology transfer. Through direct collaboration between researchers and the service
area, outreach materials were developed that will have long-term benefits to the service area

community based on their specific needs.
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Chapter 5: Literature Review of ESC Practices

5.1  The Significance of Properly Designed Erosion and Sediment Control Practices

Successfully designed BMPs protect downstream waterbodies by, among other things,
limiting the amount of stormwater runoff and sediment leaving construction sites. Sediment basins
are a common sediment control practice used on construction sites that enhance water quality by
capturing and settling sediment through gravitational and chemical treatment sedimentation. These
basins provide valuable storage to capture and hold runoff from construction sites due to their large
storage volume while also providing adequate residence time for the suspended sediment to settle.
In fact, it has been found that sediment retention basins used in conjunction with terraces can
reduce sediment loads from a site by 40% (Mtibaa et al. 2018). However, a lack of understanding
of the scientific data behind the design and need for BMPs cause issues with these BMPs on
construction sites (Alsharif 2010). When stormwater enters a sediment or deposition basin from
an inflow channel or forebay, the flow area widens, thus decreasing flow depth and the energy
slope of the stormwater in the basin, which leads to the deposition of the sediment (Moldenhauer-
Roth et al. 2021) and subsequent release of cleaner surface water from skimmers or spillways.
Sediment basins upstream from developments on alluvial fans can also prevent sediment from
blocking channels, thereby helping prevent flooding, damage, and even fatalities (Moldenhauer-
Roth et al. 2021). If a sediment basin is undersized, it allows some turbid water to directly enter
downstream waterbodies, thus degrading water quality (Fang et al. 2015) and harming aquatic life
(USEPA 2023). To help design and prevent improper sizing of sediment basins, Perez et al. (2018)

developed a tool for several locations to output sediment basin geometry based on site parameters
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and certain basin design standards and policies. Due to the significant protection that sediment

basins provide to communities, water quality, and aquatic life, they must be properly designed.

5.2  Sediment Basin Design

Sediment basins must be properly designed and sized to ensure they adequately detain and
treat construction stormwater runoff prior to its discharge from the site. To do so, there are several
standard techniques and methods that are utilized for each component of the sediment basin. Many
agencies, including the International Erosion Control Association (IECA) and Alabama Soil and
Water Conservation Committee (AL-SWCC), define sediment basins as having an inflow structure
such as a forebay, a settling pond, an energy dissipating device such as baffles, a dewatering device
such as a surface skimmer (i.e. a principle spillway), and an auxiliary or emergency spillway (AL-
SWCC 2022; IECA 2021). Ultimately, the success of a sediment basin in capturing and treating
construction stormwater relies on the proper sizing, geometry, velocity/energy dissipation,
residence time, and dewatering device, emphasizing the significance of following the proper
standards and design procedures to ensure the large volumes of stormwater these basins capture

are treated.

5.2.1 Volume Requirements

Sediment basins must be adequately sized according to site-specific conditions and local
guidelines to ensure they properly manage and treat construction stormwater runoff during storm
events. Guidelines for the sizing of sediment basins on construction sites are typically based on
volumetric sizing factors (VSFs) such as 3,600 ft* runoff per acre disturbed (250 m? per ha) or

local storm events including the local 2-yr, 24-h storm event.
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5.2.1.1 Storage Zones

Fully functional sediment basins, after 2021, are designed with four storage zones: standing
pool (dead storage), stormwater storage (live storage), auxiliary spillway flow (emergency

spillway), and freeboard, seen in Figure 5-1.

Stabilized Auxiliary Spillway

Freeboard

Aux. Spillway Flow
10-yr, 24-hr Peak Flow

Stormwater Storage

Primary Outlet
According to Regulations,
see Section 3.4.3.

Standing Pool

Surface Dewatering Pad

Figure 5-1: Sediment Basin Storage Zone Cross-Section (IECA 2021)

The dead storage zone, or permanent standing pool, includes the bottom 1 ft (0.30 m) in
height, at a minimum, of stored water which remains in the system and is not discharged (IECA
2021). The primary outlet orifice separates this dead storage zone and the live storage zone.

The live storage zone is the volume to be discharged by the primary outlet, or the floating
surface skimmer. Depth requirements for sediment basins usually include the combined depth of
the dead and live storage zones with many guidelines setting a maximum depth of 5 ft (1.52 m)
(IECA 2021). Guidance for the volumetric sizing of sediment basins sets requirements for the live
storage zone of sediment basins. When the required live storage volume is calculated based on the
VSF requirement or the local storm event, the sediment basin may be designed by considering
other geometry requirements including maximum side slopes, length-to-width requirements, and

other storage zone requirements.

67



The auxiliary spillway provides an alternative outlet for situations when the primary outlet
is insufficient and is usually designed with a depth of 1 ft (0.30 m); however, it must be designed
such that its crest elevation aligns with the top elevation of the live storage zone (IECA 2021).
Finally, the freeboard zone serves as an additional safety measure to ensure the basin does not
overflow by providing extra volume to the spillway. This freeboard zone is typically designed with

a minimum depth of 1 ft (0.30 m) (IECA 2021).

5.2.2 Length-to-Width Ratio

Optimizing the ratio (L:W) of effective flow length (L) to effective flow width (W) is
essential for the efficiency of the sediment basin. In general, longer and narrower sediment basins
perform more efficiently as this allows for optimized sedimentation. With a longer basin, the
length of the flow path (inlet to outlet) increases, allowing for adequate settling time for the
particles and decreasing the risk of turbid water short-circuiting, or the bypassing of the normal
flow path (Perez et al. 2016; Zech et al. 2014a).

Several organizations have developed minimum regulations for the L:W ratio of sediment
basins. Specifically, the USEPA, IECA, and AL-SWCC all recommend a minimum ratio of 2L:1W

for the live storage zone (AL-SWCC 2022; IECA 2021; USEPA 2022a).

5.2.3 Floating Surface Skimmer

Sediment basins detain water for specific periods of time to allow suspended particles to
settle through gravity prior to the discharge of effluent water. Thus, water at the top of the water
column should be the cleanest and least turbid as the suspended sediment has settled downward
(eventually to the bottom of the basin) when traveling from the inlet or inflow to the outlet (e.g. a

skimmer or auxiliary spillway). To optimize the efficiency of the sediment basin, a dewatering
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device should then be used to discharge clean water from the top of the water column. Gravitational
dewatering is the most common and economic method of dewatering a basin from the top of the
water column due to the low cost and efficiency of such dewatering, with surface skimmers and
risers being frequently utilized (Zech et al. 2014a).

Floating surface skimmers dewater sediment basins from the top of the water column at a
controlled rate based on the orifice or opening size and the orifice location. These surface skimmers
are the most efficient dewatering devices due to their ability to discharge only clean surface water
at the top of the water column (McCaleb and McLaughlin 2008).

Adequate sizing of surface skimmers, based on the device’s opening size, is necessary to
ensure water in the live storage zone is discharged at a rate that is slow enough to ensure a certain
range of suspended particles have had enough time to settle and fast enough to ensure the basin
has adequate volume available for the next potential storm event. Sizing requirements for
skimmers on construction sites consider the necessary outflow rate of the device based on the live
storage volume and the required detention time of the sediment basin which typically range from

two to five days (48 to 140 hours) (IECA 2021).

5.2.4 Auxiliary Spillway

Sediment basins are designed to handle the runoff volume from a local storm event (i.e. 2-
yr, 24-h) or based on a required VSF. Sediment basins are then designed with a principal spillway,
such as a floating surface skimmer, to discharge this runoff volume. An auxiliary spillway is a
required component of sediment basins to control excess discharge in the case that the principal
spillway volume is inadequate (USEPA 2009). This required design component ensures that
sediment-laden water does not flood the whole basin perimeter and is controlled to discharge

through the spillway to downstream waterbodies if the design volume of the basin is exceeded as
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the rainfall events and their depths are stochastic and will exceed the design storm. Typical sizing
requirements of the auxiliary spillway state that the mechanism must be able to handle the local

10-yr, 24-h peak flow rate (IECA 2021).

5.3  Regulatory History for Sediment Basins on Construction Sites

To ensure the proper design of sediment basins and the subsequent environmental
protection, agencies at the local, state, and federal levels define stormwater regulations and may
require stormwater permits for construction sites mandating that sediment be contained on site
(Perez et al. 2016). As early as 1976, the USEPA developed design guidance for surface mining
in the eastern U.S., calling for live storage volumes that are designed to the local 10-year, 24-hour
rainfall event. However, in 1972, with the passing of the Clean Water Act, the National Pollutant
Discharge Elimination System (NPDES) was established to improve water quality throughout the
U.S. The NPDES requires construction sites with one acre (0.4 hectare) or more of disturbed land
to obtain a Construction General Permit (CGP). With a goal of minimizing stormwater pollution
and stormwater runoff from construction sites, the CGP requires contractors to develop a
Stormwater Pollution Prevention Plan (SWPPP) that details the BMPs that will be used to control

erosion and sediment on the site.

5.3.1 USEPA Construction General Permit

The CGP has set requirements for the design, implementation, and maintenance of the
BMPs that may be on a construction site. The first CGP, issued in 1992, required the live storage
volume of sediment basins to be sized using a factor of 3,600 ft3 runoff per acre (250 m® per ha)
of disturbed land (USEPA 1992), also called the 1992 EPA standard. For ease of reading, the 3,600

ft3 runoff per acre (250 m? per ha) design will henceforth be referred to as the 1992 EPA standard.
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The USEPA explained that this required VSF was calculated (using the Rational Method) by
assuming a 2-year, 24-hour precipitation depth of 3 in. (10.16 cm) and a watershed runoff
coefficient of 0.33. However, no scientific justification was provided on the ability of this VSF to
handle the varying runoff depths experienced across the country.

In the next version of the CGP, it was stated that the default method for sizing the live
storage volume of a sediment basin is still the 1992 EPA standard; however, the live storage
volume may instead be calculated using the local 2-year, 24-hour rainfall event (USEPA 1998). A
change was made in the next version of the CGP, which states that a sediment basin with a live
storage volume sized using the 2-year, 24-hour storm should be used; however, if this calculation
has not been done, it states that using the 1992 EPA standard is acceptable (USEPA 2008). This

change, made in 2008, is present in the current version of the CGP (USEPA 2022a).

5.3.2 Alabama Construction General Permit and State Guidance

To help contractors design the BMPs that they will use on their sites, some state agencies
have developed technical handbooks with design guidance adhering to state CGP regulations. For
example, contractors in Alabama may use the Alabama Handbook for Erosion Control, Sediment
Control, and Stormwater Management on Construction Sites and Urban Areas (The Blue Book) to
help design the required BMPs on their sites, following the Alabama Department of Environmental
Management CGP regulations. In 1993, The Blue Book stated that sediment basins should be
designed to capture 0.5 in. (1.27 cm) of runoff per acre drained, which is approximately 1,800 ft®
runoff per acre drained (125 m?® per ha) (AL-SWCC 1993). This guidance remained in The Blue
Book in the 2003 and 2006 versions (AL-SWCC 2003, 2006) but shifted in the 2009 version. In
this version, it was stated that sediment basins should be designed to capture 1.0 in. (2.54 cm) of

runoff per acre drained, which is approximately equal to the 1992 EPA standard (AL-SWCC
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2009). While such permits and regulations help with BMP design, sediment basins were originally
designed based on engineering experience rather than scientific facts and analyses. In fact, the
USEPA states that “the size of the basin is usually determined by utilizing a rule of thumb on the

basin required based on the area of land disturbed” (USEPA 1976).

5.3.3 Construction General Permit Discrepancies

In addition, the allowance of two standard design basins by the USEPA, the 1992 EPA
standard and the 2-year, 24-hour design, may cause great discrepancy in the size of basins in
various locations. For example, in Montgomery, AL, the size of a 2-year, 24-hour sediment basin
is about 3.3 times larger than the 1992 EPA standard sediment basin. Therefore, an analysis must
be conducted on sediment basins on construction sites to prevent such great discrepancies as well
as to provide scientific data to justify the sizing requirements of sediment basins. Using hydrologic
models for the analyses of stormwater systems allows for long-term simulations on BMPs such as
sediment basins, and can be used “to develop and assess BMP implementation plans” (Hoss et al.
2016).

Ultimately, erosion and sediment control BMPs are essential to protect water quality and
the surrounding environment, so they must be properly implemented. Sediment basins are a
common sediment control practice used on construction sites to mitigate the effects of stormwater
erosion, but current sizing guidance has little, if any, scientific backing to justify the design factors.
Therefore, it is essential to complete a hydrologic analysis of sediment basins to analyze their long-
term performance and further understand and predict how these basins react to environmental

events.
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5.4  Hydrologic Models

Hydrologic models play a crucial role in the understanding of water systems by predicting
how they will respond to certain environmental events, such as daily rainfall and temperature
variations. One such tool is the USEPA Storm Water Management Model (SWMM), which can
calculate storage by determining its relationship with parameters such as subcatchment area and
water depth (Liu et al. 2022), and it can be used for single storm events as well as for continuous

simulations (Giuffria et al. 2017).

541 USEPA SWMM

The USEPA SWMM is a dynamic rainfall-runoff simulation model that can be used for
single events or long-term simulations to analyze runoff quantity and quality (USEPA 2022b).
Originally released in 1971, SWMM has continued to be updated and upgraded to allow users to
plan, analyze, and design various hydrologic systems based on stormwater runoff, combined
sewers, sanitary sewers, and other drainage systems in both urban and non-urban areas (USEPA
2022b).

SWMM allows users to analyze flow dynamics through various systems, including storage
facilities such as sediment basins (Gullotta and Campisano 2024). While many hydrologic models
allow for detailed long-term analyses of stormwater systems (Clary et al. 2011), SWMM s a
preferred model for several long-term stormwater management studies (Moore et al. 2017).
SWMM offers several methods for calculating infiltration; however, Liu et al. (2022) explain that
the SCS method, which should be used for large watersheds, does not show the impacts of rainfall
intensity and rainfall processes on runoff. Knighton et al. (2016) performed a sensitivity analysis
on several parameters within SWMM and found that the calculated volume of runoff and peak

flow was the most sensitive to the saturated hydraulic conductivity and percent routed and used an
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assumption from results from previous studies finding runoff volume and peak flow rate being
sensitive to subcatchment width, and insensitive to surface roughness, depression storage, and
mean catchment slope. Overall, while SWMM is a robust and versatile tool for hydrologic
modeling, its effectiveness is highly dependent on the accuracy of input parameters and the

modeling approaches employed (Giuffria et al. 2017; Knighton et al. 2016).

55 Conclusion

Ultimately, sediment basins are common sediment control practices used on construction
sites to detain large quantities of water. The efficiency of sediment basins relies on many factors
including their size, geometry, velocity/energy dissipation, and dewatering. Volumetric sizing
guidelines for sediment basins set requirements for the live (stormwater) storage zone of sediment
basins based on local storm depths and/or standard VVSFs. Such sizing guidelines are based on rules
of thumb and practice standards rather than scientific analysis. In addition, the standard VSF
approach does not consider local conditions and thus may be inadequate for some areas.

Therefore, the USEPA SWMM, a powerful hydrologic model, may be used to run long-
term simulations on the performance of sediment basins to determine the effectiveness of such
volumetric sizing guidance. As urban environments continue to evolve and face challenges related
to climate change and increased impervious surfaces, the continued application and optimization
of SWMM will be essential for enhancing stormwater management practices (Knighton et al.
2016; Liu et al. 2022) and achieving water quality goals. The proper sizing of sediment basins and
other stormwater management practices is essential for protecting water quality from construction

runoff sources by ensuring adequate storage is provided for stormwater runoff.
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Chapter 6: Means and Methods for USEPA SWMM Analysis

6.1 Introduction
This chapter details the methodology used for this study based on industry standards for

the volumetric sizing of sediment basins as well as the use of USEPA SWMM for long-term
simulations. The study’s primary goal is to analyze the long-term performance of various sediment
basin designs to determine the most optimal sizing of sediment basins. Analyzing the performance
of various sediment basin designs aims to enhance the volumetric sizing requirements of sediment
basins on construction sites based on a scientific analysis and the results can be used to further

investigate these basins’ performance through large-scale testing.

6.2  Design Storms

Sediment basins and other stormwater management practices are often designed using the
local 2-yr, 24-h rainfall (IECA 2021). Compared to the rainfall events of the 100-year return period
for flood protection, many engineers and stormwater managers often think 2-yr, 24-h rainfall
events are not severe or not large rainfall events. These storms, defined as having an annual
exceedance probability of 50% over 24 hours, are actually and often very large events which result
in significant volume requirements for such stormwater management practices. To further analyze
these storms, a comparison was made for each of the 150 study locations between the 2-yr, 24-h
storm depth and various percentile depths. These percentile depths (85", 90™, 95" and 99™)
represent daily (or 24-h) precipitation depths that the specific percentage of precipitation events in
that area does not exceed. For example, a 99™" percentile rainfall of 4 inches (10.16 cm) signifies

that 99 percent of all precipitation events in that area do not exceed 4 inches (10.16 cm). The
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comparison of each percentile storm with the 2-yr, 24-h storm depth can be seen in Figure 6-1

where an orange 1:1 line and a blue linear trendline of the data were added to each plot.
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Figure 6-1: Percentile Rainfall Depths Compared to 2-yr, 24-hr Rainfall Depths
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Here, a percentile storm depth is less than the 2-yr, 24-h storm depth if it is under the orange
1:1 line. Significantly, most of the percentile storm depths are smaller than the 2-yr, 24-h depths,
highlighting the high magnitude these depths have. Specifically, 121 of the 150 locations had a 2-
yr, 24-h precipitation depth larger than the 99" percentile depth while just 27 had a larger 99™"
percentile depth than the 2-yr, 24-h depth, leaving two locations with equal 2-yr, 24-h and 99™"
percentile depths. However, some of these 2-yr, 24-h depths may be outliers due to their extreme
magnitude. For example, Kahuna Falls weather station used for one study location in Hakalau, HI
had a 2-yr, 24-h depth of 10.80 in. (27.43 cm) compared to a 6.10 in. (15.49 cm) 99" percentile
depth. However, if the Hakalau NOAA station was utilized (5 miles (8.05 km) from the Kahuna
Falls station), the 2-yr, 24-h depth listed was 8.42 in. (21.39 cm). A similar trend was observed for
a station in Princeville, HI (PH Wainiha) where the 2-yr, 24-h depth used was 9.18 in. (23.32 cm)
compared to just 6.78 in. (17.22 cm) listed at the nearby station of Princeville Ranch (8.8 miles
(14.16 km) from the PH Wainiha station). Therefore, while these figures highlight that the
percentile storm depths are often less than the corresponding 2-yr, 24-h storm depth, there are
several outliers that should be considered when utilizing this data. Overall, an analysis of each

depth should be performed to analyze the depth’s ability to adequately manage stormwater runoff.

6.3  Testing Methodology

The objective of this work is to determine a method for sizing the live storage volume of
sediment basins (henceforth referred to as VSFs) that statistically meet or exceed minimum
operational thresholds set by two standard basin designs. These thresholds are characterized as (a)
the mean percent of live storage volume utilized in each VSF and (b) the mean percentage of
inflow volumes that overflow through the emergency spillway of each VSF. The two standard

basin designs used as benchmarks are (1) the 2-yr, 24-h design storm sediment basin and (2) the
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3,600 ft2 runoff per acre drained (250 m® per ha) sediment basin. The five proposed VSFs are as
follows:
1. VSF 1: sizing factor of 1,800 ft* runoff per acre (125 m® per ha)
2. VSF 2: using the runoff volume calculated from the local 85" percentile daily rainfall depth
3. VSF 3: using the runoff volume calculated from the local 90™" percentile daily rainfall depth
4. VSF 4: using the runoff volume calculated from the local 95 percentile daily rainfall depth

5. VSF 5: using the Optimal Design VSF

All VSF comparisons use data from 150 study locations across the United States (Figure
6-2) and apply either a volumetric sizing factor (VSF) of 1,800 ft2 per acre (125 m? per ha) or the
location-specific Optimal Design VSF, or use the runoff volume calculated from the local 85™,
90", or 95" percentile storms. Specifically, this project determines:
1. Which of the four VSFs and/or Optimal Design basins utilize statistically more of the live
storage volume, on average, than the two standard basin designs, and
2. Which of the four VSFs and/or Optimal Design basins have a percentage of inflow volume
that overflows from the sediment basin statistically within 50% more of the two standard

basin designs, on average.

Table 6-1 details an overview of the objective of this work and the study steps. This table
outlines the study steps after all the sediment basins have been designed and long-term SWMM
simulations for each basin have been run. Step five only describes the overall process of designing

the optimal basins; however, there are several case studies that design distinct optimal basins.
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Table 6-1: Study Process Outline

Sediment Basi
© le::ignasm Step 1 Step 2 Step 3 Step 4 Step 5 Step 6
Standard 1:
2-vr. 24-hr
Standard 2: 3.600 Calculate the ime] Calculate the Ca.lculatel the
3 ” . . volume of inflow | Calculate the
ft” peracre (250 m”| weightedlive | mean percent of
h ] . vohmme that | mean percent of
per ha) volume for each live storage .
" 3 . . . . overflows through|  inflow that
VSF 1: 1.800 f sediment basin | volmme utiized h erfl f
i \ . e emergency overflows for - .
3 |d t all 150 |f h sediment Utiliz, timal
per acre (125 m cﬁi:ﬁms ork:;n rsiZsi i spillway for each| each sediment c n;ec]);ﬁo to After running long-
per ha) el sediment basin basin design desiap Optimal Basin term sinmlations for
VSEZ: - Results in six - Results in six design at all 150 fofneach location each Optimal Design.
85th Percentile separate fime- | mean percents of locations - Results in six (results in 150 repeat steps 1-4 for
Storm i’r;ighted live ].ivepstora e mean percents of Optimal Dcsi_ s) the Optimal Designs
VSE 3: storage volumes | volume ul:iligz'ed - Results in six overflow per .
90th Percentile A /| i
Storm utilized for each | per location (one Sf:pha;:tc ? a‘ﬂo‘;: locam);l k(}onle for
study location for each basin vo dej or Ieac Ei: . asm
VSF 4: (900 total) design) study location esign)
95¢h Percentile (500 total)
Storm

Step 7

Compare the
results of step
2 and 4 for
WVSF 1-5to
the results of
step 2 and 4
for Standard 1

- Results in ten| -
separate
comparisons
(all to
Standard 1)

Compare the
results of step
2 and 4 for
VSF 1-5t0
the results of
step 2 and 4
for Standard 2

Step 8

Results in ten
separate
compatisons
(all to
Standard 2)

6.4

Data Collection

The purpose of this study is to compare the long-term performance of various sediment

basin designs across 150 locations in the United States, as seen in Figure 6-2. To do so, several

data points must be collected at each study location as well as several data points that will be used

across each location. All data points used come from public databases including NOAA Atlas 14,

USEPA National Stormwater Calculator (USEPA SWC), and USDA TR-55.
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Figure 6-2: Study Locations

6.4.1 Source of the Data

Before data collection, it was decided that the Curve Number (CN), Manning’s roughness
coefficient for sheet flow (n), and soil infiltration rate would remain consistent across all locations
and sediment basin designs. This study aims to determine the effects of volumetric sizing on
sediment basin performance, thus the consistency of other parameters allows for an accurate
comparison of results.

The SCS Runoff CN method can be used to account for infiltration of the drainage
catchment for each sediment basin and values for the CN as well as Manning’s roughness

coefficient can be found by utilizing the USDA TR-55. In this case, the CN of 86 was selected for
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newly graded areas (pervious areas only, no vegetation) for hydrologic soil group B and the
Manning roughness coefficient was that of smooth surfaces (bare soil). In addition, to assume a
very slow infiltration or seepage from the sediment basin bottom as a worst-case scenario, a
constant, very low rate was utilized for each basin. The rate selected was that of clay soils at 0.01
in./hr (0.0254 cm/hr).

For each location, there is a sediment basin designed to hold the runoff from the 2-yr, 24-
h precipitation depth and an emergency spillway sized using the 10-yr, 24-h precipitation depth.
Thus, for each location, these Point Precipitation Frequency Estimates must be collected from
NOAA Atlas 14. Oregon and Washington are omitted from NOAA Atlas 14, thus, point
precipitation frequency estimates for locations in these states used the state’s corresponding
document available through their respective Department of Transportation.

Finally, for each location, daily air temperature data was collected to account for
evaporation and hourly non-zero precipitation data was collected to calculate runoff volumes for
the entire simulation period. To do so, the USEPA offers the National Stormwater Calculator
(SWC) tool where users can input a location to download historical hourly non-zero precipitation
data, in inches, and daily maximum and minimum temperatures, in degrees Fahrenheit, for the
period of record from the local rain gage and weather station, respectively. Similarly, the USEPA
SWC provides the precipitation depth for each percentile storm which will be utilized to design
sediment basins to the 85", 90" and 95" percentile precipitation depths and 99" percentile
precipitation to find maximized storage volume discussed in 6.9.1.1. A summary of the design
method and necessary data points to size each sediment basin in Excel for each location can be

seen in Table 6-2 and a summary of the required data sources can be seen in Table 6-3.
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Table 6-2: Sediment Basin Design Methods and Necessary Data Points

Constant Across
. . . . Constant for Data to be
Sediment Basin Design | Every Sediment )
. Each Location Collected
Basin
Standard 1: 2-yr, 24-hr
2-yr, 24-hr precipitation depth
Standard 2:
3.600 £ per acre (250 m’
per ha) - 10-yr, 24-hr
VSF I: precipitation depth|
1,800 & per acre (125 m” oN - historical hourly
per ha) Ry precipitation data
VSF 2 - Manning's n historical daily | 85tk il
n - soil infiltration rate , . - .pv:Irccn <
85th Percentile Storm maximum and | precipitation depth
VSF 3: tiirrum 90th percentile
90th Percentile Storm temperatures precipitation depth
VSF 4: 95th percentile
95th Percentile Storm precipitation depth
VSF 5: 99th percentile
Optimal Design precipitation depth

Table 6-3: Summary of Data Sources

Source

Data Obtained

USDA TR-55

USEPA National
Stormwater Calculator

NOAA Atlas 14

Washington DOT

Oregon DOT

Runoff Curve Number (Table 2-2a)
Manning’s Roughness Coefficient (Table 3-1)

Historical hourly non-zero precipitation data (in.) for the
period on record

Historical daily maximum and minimum temperatures
(degrees Fahrenheit) for the period on record

85", 90t 95" and 99" percentile precipitation depths (in.)

2-year, 24-hour precipitation depth (in.)
10-year, 24-hour precipitation depth (in.)

Washington 24-hour Isopluvial Maps
= 2-year, 24-hour precipitation depth (in.)
= 10-year, 24-hour precipitation depth (in.)

Oregon 24-hour Maps
= 2-year, 24-hour precipitation depth (in.)
= 10-year, 24-hour precipitation depth (in.)
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Locations for the analysis were chosen at random; however, they were chosen with the goal
of representing several regions as well as different annual precipitation amounts. In addition,
locations were omitted if the city did not have both a NOAA station and a rain gage and weather
station available on the USEPA SWC. Therefore, several locations were omitted from the data due

to a lack of available information.

6.5  Sediment Basin Designs

This study will analyze sediment basin performance in 150 cities across the United States
to represent a wide range of average annual precipitation levels spanning from 3.39 to 193.2 inches
(8.61 t0 490.73 cm).

The sediment basins for each location will be sized using Excel to each standard (two total)
and each VSF (four total), while incorporating several common or accepted parameters. Such
parameters include the length-to-width ratio of the live storage component, surface dewatering
time, emergency spillway geometry, contributing drainage area, and the sediment basin side

slopes.

6.5.1 Constant Design Parameters

This study aims to investigate the impacts of the design volume method on sediment basin
long-term performance. Therefore, several parameters will be held constant in designing these
basins to ensure only the effects of volume changes are assessed.

Sediment basins are typically designed with a dead storage depth of 1 ft (0.30 m), a
maximum live storage depth of 4 ft (1.22 m), an auxiliary spillway depth of 1 ft (0.30 m), and a
freeboard depth of 1 ft (0.30 m) (IECA 2021), resulting in a total basin depth of 7 ft (2.13 m).

However, a common minimum depth for the live storage zone is 2 ft (0.61 m) (AL-SWCC 2022)
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which results in a total basin depth of 5 ft (1.52 m), with a side slope of 3:1 (H:V) (ft/ft or m/m).
For this study, both live storage depths were utilized depending on the corresponding design
rainfall depth.

This study will utilize the generally accepted length-to-width ratio of 2:1 (L:W) for the live
storage component of sediment basins (Perez et al. 2016). In addition, a dewatering time of three
days (72 hours) will be used as sediment basins typically use skimmers for surface dewatering,
which are usually designed to detain water for two to five days (48 to 120 hours) (AL-SWCC
2022; Perez et al. 2016). The emergency spillway is typically designed to handle the peak flow of
large storm events such as the 10-year, 24-hour or 25-year, 24-hour storm event (AL-SWCC 2022;
Perez et al. 2016; Virginia Department of Environmental Quality 1992); therefore, the emergency
spillway will be designed to the peak flow of the 10-year, 24-hour storm event. A drainage area of
10 acres (4 ha) will be used because sediment basins are typically designed to capture and store
sediment from a disturbed area of no more than 10 acres (4 ha) (AL-SWCC 2022; Perez et al.
2016). Finally, the sediment basin embankment horizontal-to-vertical side slope should be no

steeper than 3:1 (H:V) (ft/ft or m/m).

6.5.2 Excel Sizing Worksheet

To size each sediment basin, an Excel worksheet was created with VBA code to
automatically design and size each sediment basin based on the constant parameters as well as
local parameters. When the design rainfall depth was small, the required parameters could not all
be achieved with a 7 ft (2.13 m) sediment basin design. Thus, ranges for design rainfall depths and
the corresponding total sediment basin depth were set prior to the design of each basin. For design
rainfall depths less than 0.52 in. (1.32 cm), sediment basins were designed to a total depth of 5 ft

(2.52 m) with vertical side slopes; for design rainfall depths less than or equal to 0.80 in. (2.03 cm)
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and greater than or equal to 0.52 in. (1.32 cm), sediment basins were designed with a total depth
of 5 ft (1.52 m); and, for design rainfall depths greater than 0.80 in. (2.03 cm), sediment basins
were designed to a total depth of 7 ft (2.13 m). While sediment basins with vertical walls are not
used in practice, the purpose of this inclusion was to analyze standard design requirements in

locations with extremely low rainfall.

6.5.2.1 Excel Worksheet Calculations

First, the required stormwater storage volume, or live storage volume, was calculated
using Equation 6-1.

[P —0.2 (% —10)]? Equation 6-1

X 3,630 X Ay,
P+038 (% —10)

Vss =

Where,

Vss = Required stormwater storage volume, ft
P = Design rainfall depth, in.

CN = Curve number

A,. = Drainage area, ac.

Then, the emergency spillway length and the required flowrate of the floating surface
skimmer were calculated using Equation 6-2 and Equation 6-3, respectively. The following section
describes the method used to calculate the flow rate for the spillway design.

L =Q5—W Equation 6-2
W 3.09(Dgy) 1S
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0= Vss Equation 6-3
o 3,600 sec
La X =1y

Where,

Lsy, = Length of spillway, ft

Qg = Flow rate for spillway design, ft¥/s, from 10-yr, 24-h storm
Dgy, = Depth of spillway flow, ft (1 ft is used in this study)

Q = Skimmer discharge rate, ft3/s

tq = Dewatering time, hr

The worksheet used the constant parameter requirements as well as the required stormwater
storage volume to design each sediment basin. Specifically, the VBA code utilized a Loop where
the top width of the live storage zone was changed until the user-defined tolerance of the difference
between the required stormwater storage volume and the calculated volume was met. Once the
tolerance was met, the resulting dimensions of the sediment basin at the top and bottom of each
storage zone were printed on the corresponding basin design worksheet alongside the discharge
rate for the skimmer and the emergency spillway length. For ease of replication and transfer of
cross-section data to SWMM, the resulting final top width of the live storage component was
rounded up to the next whole number which resulted in calculated live storage volumes slightly
larger than the stormwater storage volume required.

To calculate the volume for the calculated live storage as well as the other storage zones,

the prismoid method was utilized (Wyoming DOT 2013). At first, the average end area method
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was utilized; however, it was discovered that this method is less accurate, especially at greater

depths. To use the prismoid method, Equation 6-4 and Equation 6-5 were used.

d Equation 6-4
Vol.= g (Atop + 4'Amid. + Abot.)
Ltop + Lyot. Wtop + Whot. Equation 6-5
Amia. = ( 2 ) ( 2 )
Where,

Vol. = Volume of storage zone, ft3 (m?)

d = Depth of storage zone, ft (m)

Ay, = Storage zone top area, ft? (m?)
Anmiq. = Storage zone middle area, ft? (m?)
Apor. = Storage zone bottom area, ft? (m?)
L¢,, = Storage zone top length, ft (m)
Ly,:. = Storage zone bottom length, ft (m)
Wtop = Storage zone top width, ft (m)

W,oe. = Storage zone top width, ft (m)
A summary of the range of live storage volume per acre of drainage area for each basin

design can be seen in Figure 6-3. The other two designs (1,800 and 3,600 ft® runoff per acre (125

and 250 m® per ha)) are constant and do not vary with the location.
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Figure 6-3: VSF for Each Design Basin

6.5.2.2 Peak Runoff Calculation for Sizing the Emergency Spillway

The emergency spillway component of the sediment basin was designed to handle the peak
flow from the local 10-yr, 24-h storm event. To calculate this peak flow rate, the SCS Technical
Release 55 (TR-55) procedure was utilized. To start, the time it takes for runoff to travel from the
most hydraulically distant point to a point of interest of the watershed, or the time of concentration
(T..), must be determined through summing all the travel times (T;) for consecutive components of
the conveyance system, as seen in Equation 6-6.

T, =Ty, +T,+...Ty, Equation 6-6
Where,
T, = Time of concentration, hr
T;; = Travel time of segment i

m = Number of flow segments
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This time of concentration impacts the peak runoff and shape of the runoff hydrograph and
is impacted by surface roughness, channel shape and flow patterns, and slope. Urbanization results
in a decreasing concentration time and increasing peak flow rate through its impacts on these
factors. Specifically, urbanization leads to higher flow velocities and lower travel times due to
urban surfaces such as concrete having less retardance to flow when compared to vegetation.
Overland flow lengths decrease with urbanization similarly leading to a higher runoff flow velocity
and lower travel time. Slope changes with urbanization are dependent on the purpose of such site
grading with channel straightening generally requiring increasing slopes and the use of storm
sewers, street gutters, and diversions generally requiring decreasing slopes. Travel time is the ratio
of flow length to flow velocity, and the relationship depends on the flow type.

The travel time calculation for each flow segment should be calculated based on the flow
type: sheet flow, shallow concentrated flow, open channel flow, or a combination of each. Sheet
flow, or flow over plane surfaces, utilizes the friction value, or Manning’s n, which considers the
impacts of raindrop impact, drag over the plane surface, obstacles, and the erosion and
transportation of sediment. Manning’s n values should be used for shallow depths of about 0.1 ft
(3.05 cm), and the n values for various surfaces can be seen in Table 6-4 with the bare soil n being

utilized for this study (n=0.011).
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Table 6-4: Roughness Coefficients (Manning’s n) for Sheet Flow (USDA 1986)

Surface description nV

Smooth surfaces (concrete, asphalt,

gravel, or bare soil) ... 0.011
Fallow (1o residue) ... 0.05
Cultivated soils:

Residue cover <2090 ... 0.06

Residue cover =209 ......cccoveveeevveecee e 0.17
Grass:

Short grass prairie ..., 0.15

Dense grasses 2/ ... 0.24

Bermudagrass . ... 0.41
Range (natural) ..o 0.13
Woods:¥

Light underbrush ... 0.40

Dense underbrush ..., 0.80

I The n values are a composite of information compiled by Engman

(1986).

2 Includes species such as weeping lovegrass, bluegrass, buffalo
grass, blue grama grass, and native grass mixtures.

3 When selecting n , consider cover to a height of about 0.1 ft. This
is the only part of the plant cover that will obstruct sheet flow.

After determining the Manning’s n value for the site, the travel time for sheet flow
segments of the watershed that are up to 300 ft (91.44 m) can be calculated using Equation 6-7.

0.007(nL)°8 Equation 6-7
t = (p2)0.550.4

Where,

T; = Travel time, hr

n = Manning’s roughness coefficient
L = Flow length, ft

P, = Local 2-yr, 24-h rainfall depth, in.

s = Slope of hydraulic grade line, land slope (ft/ft)
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After the maximum 300 ft (91.44 m) of sheet flow, shallow concentrated flow is usually
seen. The velocity of shallow concentrated flow can be calculated with Equation 6-8 and considers
the watercourse slope and type of channel.

V =16.1345(5)%5 Equation 6-8
Where,
V = Average velocity for unpaved surfaces, ft/s

s = Slope of hydraulic grade line, land slope (ft/ft)

Next, open channel flows are calculated. For this study, the open channel considered is the
forebay component of the sediment basin which has pre-determined cross section information to
be utilized. The forebay design includes a trapezoidal channel with equal side slopes and a channel
length of 50 ft (15.2 m). The design parameters of the forebay are summarized Table 6-5 in below
and were used to calculate the cross-sectional area and the wetted perimeter.

Table 6-5: Forebay Design

Parameter Value
Bottom width 5 ft (1.52 m)
Depth 2 ft (0.61 m)
Side slopes 3 ft/ft (3 m/m)

From this information, the average flow velocity can be estimated using Equation 6-9 and

Equation 6-10.

r= E Equation 6-9
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1.49r2/351/2
V=—

Equation 6-10
n

Where,

r = Hydraulic radius, ft

A = Cross sectional flow area, ft?

P,, = Wetted perimeter, ft

V' = Average velocity surfaces, ft/s

s = Slope of hydraulic grade line, channel slope (ft/ft)

n = Manning’s roughness coefficient for open channel flow (from Chow 1959)

For both shallow concentrated and open channel flow, Equation 6-11 can be used to
calculate their respective travel times. Finally, once all the flow component travel times have been

calculated, the time of concentration can be calculated and utilized for determining the peak flow.

L
~ 3600V

T, Equation 6-11

Where,
T; = Travel time, hr
L = Flow length, ft

V' = Average velocity for unpaved surfaces, ft/s

After calculating the time of concentration, the unit peak flow and peak discharge can be
calculated for each location. First, the unit peak flow should be calculated using the time of
concentration as well as the SCS rainfall distribution type for each location. The SCS rainfall

distribution types were developed to express variances in 24-h rainfall distributions across
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geographic regions, with Type 1A having the least intense and Type Il having the most intense

short duration rainfall events. To determine the SCS rainfall distribution type for each location,

Figure 6-4 was used.

“A Rainfall
,’-"Q Distribution
A 4
B Type 1
yp
[ Type 14
yp
[ Type 11
yp

Figure 6-4: Approximate Boundaries for SCS Rainfall Distributions (USDA 1986)

The SCS rainfall distribution type impacts the coefficients used to calculate the unit peak
runoff, as seen in Table 6-6. For this study, when la/P1o.yr, 24.n Values were less than 0.1, the
coefficients for 0.1 were used. When values were between those in the table for the corresponding

rainfall type, a linear interpolation was used to determine the coefficients. When the values were

greater than 0.5, the coefficients for 0.5 were used.
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Table 6-6: Coefficients Based on Rainfall Type

Rainfall
type L/P Cy Cy Cy
I 0.10 2.30550 -0.51429 -0.11750
0.20 2.23537 -0.50387 -0.08929
0.25 2.18219 -0.48488 -0.06589
0.30 2.10624 -0.45695 -0.02835
0.35 2.00303 -0.40769 0.01983
0.40 1.87733 -0.32274 0.06754
0.45 1.76312 -0.15644 0.00453
0.50 1.67889 -0.06930 0.0
1A 0.10 2.03250 -0.31583 -0.13748
0.20 1.91978 -0.268215 -0.07020
0.25 1.83842 -0.25543 -0.02597
0.30 1.72657 -0.19826 0.02633
0.50 1.63417 -0.09100 0.0
11 0.10 2.556323 -0.61512 -0.16403
0.30 2.46532 -0.62257 -0.11657
0.35 2.41896 -0.61594 -0.08820
0.40 2.36409 -0.59857 -0.05621
0.45 2.29238 -0.57005 -0.02281
0.50 2.20282 -0.51599 -0.01259
111 0.10 247317 -0.51848 -0.17083
0.30 2.39628 -0.51202 -0.13245
0.35 2.35477 -0.49735 - 0.11985
0.40 2.30726 -0.46541 -0.11094
0.45 2.24876 -0.41314 -0.11508
0.50 217772 -0.36803  -0.09525

Initial abstraction, la, accounts for all losses before runoff begins and is measured in inches.
Water losses considered include water held in surface depressions and water intercepted by
vegetation, evaporation, and infiltration. While initial abstraction varies widely, it is generally

approximated using a relationship with the site’s Curve Number, as seen in Equation 6-12.

I, =0.28 Equation 6-12
1000 10 Equation 6-13
~ CN

Where,
1, = Initial abstraction, in.

S = Potential maximum retention after runoff begins, in.
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CN = Site Curve Number
The next step in determining the peak discharge is calculating the unit peak discharge for
each location using Equation 6-14.
log(qy) = Co + C11og(T,) + C,[log(T,)]? Equation 6-14
Where,
q., = Unit peak discharge, csm/in.
T, = Time of concentration, hr

Coy, Cy, C, = Coefficients from Table 6-6

Next, runoff must be calculated to then determine the peak discharge, using Equation

6-15 and Equation 6-16, respectively.

_ (P —0.29)? Equation 6-15
P +0.8S
dp = QuAmQF, Equation 6-16
Where,
Q = Runoff, in.

P = Local 10-yr, 24-h rainfall
q, = Peak discharge, ft*/sec
A, = Drainage area, mi?

F, = Pond and swamp adjustment factor

After utilizing the TR-55 method to calculate the peak discharge from the local 10-yr, 24-

h rainfall event, the emergency spillway can be designed. For this study, the roughness coefficient,
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land slope, forebay geometry, and flow segment lengths utilized for calculating the travel times

were held constant, and these values are summarized in Table 6-7.

Table 6-7: Constant Study Parameters for TR-55

Parameter

Value

Sheet flow segment length
Shallow concentrated flow segment length
Channel flow segment (forebay) length
Manning’s n
Slope
Pond and swamp adjustment factor
Curve Number

Drainage area

300 ft (91.44 m)
521.2 ft (158.86 m)
50 ft (15.24 m)
0.011
0.05 ft/ft (m/m)

1
86

10 acre (4 ha)

6.6 SWMM Model File

A model SWMM file was developed to be copied and adjusted for each location and VSF.

The model layout can be seen in Figure 6-5. For this model file, each component and the

corresponding section and object type within SWMM are summarized in Table 6-8.
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Table 6-8: SWMM Object Type for Each Basin Component

Component SWMM Object Type
Rain Gage Hydrology - Rain Gages
Subcatchment / Drainage Area Hydrology - Subcatchments
Sediment Basin Hydraulics = Nodes = Storage Units
Skimmer Hydraulics - Links - Outlets
Emergency Spillway Hydraulics - Links > Weirs
Outlet Hydraulics - Nodes - Outfalls

When creating the SWMM model file, several parameters should be held constant across
all 150 locations. A rain gage was added with the ability to add a rain file, allowing for long-term
simulations. The subcatchment area was designed to 10 acres (4 ha), with an overland flow path
length of 871.2 ft (265.5 m). The subcatchment area also had a 5% surface slope, 0% impervious
area, CN of 86, and a depth of the depression storage of half of the initial abstraction. The
depression storage, a component within the subcatchment data, should be held constant at 0.163
in. (4.14 mm). This value is equal to half of the initial abstraction which changes only with changes
to the CN. Next, the infiltration data within the subcatchment inputs was held constant at a CN of

86. The parameters held constant for the subcatchment area are summarized in Table 6-9 below.
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Table 6-9: Model SWMM Subcatchment Parameters

SWMM Subcatchment Property Value
Area 10 acre (4 ha)
Width 871.2 ft (265.5 m)
% Slope 5%
% Impervious 0%
Depression Storage (Pervious) 0.163in. (4.14 mm)
Infiltration Data Method: Curve Number (CN=86)

The model sediment basin was designed to a maximum depth of 7 ft (2.13 m), evaporation
factor of 1, and seepage loss with a saturated hydraulic conductivity of 0.01 in./hr (0.3 mm/hr) and
suction head of 12.6 in. (320 mm). The height of the emergency spillway is defined as 1 ft (0.30
m) and the inlet offset of the emergency spillway was set to 5 ft (1.52 m). Note that for basins
designed to very small VVSFs, the maximum depth and the inlet offset of the emergency spillway

may need to be changed to 5 ft (1.52 m) and 3 ft (0.91 m), respectively.
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Figure 6-5: SWMM Model Design Layout

For ease of replication among each sediment basin design and location, a model SWMM
file was created for the 3,600 ft2 per acre (250 m? per ha) and the 1,800 ft per acre (125 m® per
ha) sediment basin designs. These two basin designs were chosen because they will have the same
geometry and skimmer outflow rate across all locations. Thus, for these two basin designs, the
only parameters that should be changed across each location are the spillway length, the simulation
start and end dates, and the rainfall and temperature input files.

After each sediment basin is designed and sized, the parameters specific to that sediment
basin will be input into the developed model SWMM file. For each location, several parameters
should be changed from the model and kept constant across each sediment basin for the location.
These constant parameters include the dates of the period on record from the USEPA SWC,
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spillway length, and the historical hourly non-zero precipitation data and historical daily maximum
and minimum temperatures obtained from the USEPA SWC.

When creating the SWMM model file, several parameters should be held constant across
all 150 locations. First, the depression storage, a component within the subcatchment data, should
be held constant at 0.163 in. (4.14 mm). This value is equal to half of the initial abstraction which
changes only with changes to the CN. Next, the infiltration data within the subcatchment inputs

was held constant at a CN of 86.

6.6.1 Sample SWMM Design Process

To highlight the changes made for each sediment basin design at each location, a sample
process will be demonstrated for the 2-yr, 24-h basin design in San Antonio, TX.

To start, the parameters highlighted above must be input specific to San Antonio and its 2-
yr, 24-h basin. To adjust such parameters, the data files must first be read, and certain data points
must be highlighted. For the precipitation file, the format is station ID, year, month, day, hour,
minute, and non-zero precipitation reading in inches. For the temperature file, the format is station
ID, year, month, day, maximum temperature, and minimum temperature in degrees Fahrenheit. A

portion of the precipitation data for San Antonio, TX can be seen in Table 6-10.
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Table 6-10: Sample of San Antonio, TX Precipitation File

Station ID Year Month Day Hour Minute Flzrez((:jlm éaz:(;n)
USC00417947 1998 7 3 13 0 0.040
USC00417947 1998 7 3 14 0 0.010
USC00417947 1998 7 4 0 0 0.040
USC00417947 1998 7 4 1 0 0.020
USC00417947 1998 7 4 12 0 0.020

Next, it is necessary to adjust the start and end date and time for the period on record, based
on the data available. To do so, the simulation options within SWMM must be edited. The date
and time range for San Antonio is shown in Figure 6-6. It is essential that the start and end dates
of the precipitation and temperature files are compared to ensure the long-term simulation is run

for only the range of time covered by both data files.

General Dates  TimeSteps Dynamic Wave Files
Date (M/D/Y) Time (H:M)
Start Analysis on 07/03/1988  o| [13:00
Start Reporting on 07/03/1998 | 1300 <
End Analysis on 12/21/2019 | 2200
o1

Start Sweeping on

End Sweeping on 23

Antecedent 0
Dry Days —_—

oK Cancel Help

Figure 6-6: Sample Date and Time Inputs in SWMM
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The precipitation and temperature data should be added as the data file for the rain gage
and the external climate file for the temperature data, respectively. For the rain gage, it is essential
to update the Station ID in SWMM as seen in the data input file. The temperature data should also
be set to start reading the file on the start date of the period on record.

Several other parameters will also differ for each sediment basin design at the same
location. These parameters include the sediment basin geometry and the skimmer outflow rate.

For the sediment basin geometry, the storage shape in SWMM can be changed using the
tabular method which requires the input of the area at user-specified depths. A sample of such
inputs can be seen in Figure 6-7 and the resulting basin shape can be seen in Figure 6-8.

Storage Curve Editor x

Curve Mame

Basinl0acre

Description

San Antonio, TX (2-yr, 24-h) e
Depth Area View...

(ft) @ ||

1 0 17748 Load...

2 1 19530

3 5 27378 Save...

4 & 29520

5 7 31734

° OK

7

8

3 Cancel

10

17 Help

Figure 6-7: San Antonio Storage Curve Inputs
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Storage Curve Basin10acre

Depth (1)
[
[*2]

Figure 6-8: San Antonio Storage Curve Shape

Next, the skimmer discharge rate should be changed for each location and design. To do

so, a tabular rating curve should be created, as shown in Figure 6-9.

Curve Mame

Skimmer

Description

San Antonion, TX (2-yr, 24-h) &
Head Outflow View...

(ft) (CF5) |

1 0 0 Load...

2 0.5 ]

3 1 0 Save...

4 1.01 0.3579

5 2 0.3579

] 3 0.3579 -

7 4 0.3579

8 5 0.3579 = I

3 |s 03579 ance

10 7 0.3579

T Help

Figure 6-9: San Antonio Skimmer Rating Curve Inputs
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For each location and design, the rating curve started at just over 1 ft (0.30 m) due to the
surface dewatering pad at the bottom of the sediment basin. This means that the skimmer will not
start dewatering the basin until the depth of water is greater than 1 ft (0.30 m) and will continue
until the maximum basin depth of 7 ft (2.13 m), or 5 ft (1.52 m), is reached. A graphical

representation of the discharge relationship can be seen in Figure 6-10.

Rating Curve Skimmer

0.35 [ o o i o = 2
0.3
0.25
0.2

0.156

Outflow (CFS)

0.1

0.05

Head (ft)

Figure 6-10: San Antonio Skimmer Rating Curve

Finally, the emergency spillway length should be changed to the corresponding location
length as calculated with the TR-55 method. This length will be the same for each design at a

certain location.

6.7 SWMM Simulations

After updating the parameters in the SWMM model for each VVSF for each location, a long-

term simulation can be run. An event separation of three hours between each event will be used to
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define individual rainfall events (Harper and Baker 2005). In addition, the event separation of three

hours was selected because it corresponds to the minimum event separation time to distinguish

individual events (Tamm et al. 2023).

Once the long-term simulation is run, the system precipitation data across the entire

simulation period can be viewed and can be further analyzed through the event precipitation

frequency distribution, as seen for San Antonio, TX in Figure 6-11 and Figure 6-12, respectively.

Precipitation (in/hr)

Percent of Total

System Precipitation
3.0

25

2.0

0.5

| |
0.0
0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

Elapsed Time (days)

Figure 6-11: System Precipitation for San Antonio, TX

System Precipitation

80

70

60

50

40

30

20

10

TN

0
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4 42 44 46 48 5
Event Total Precipitation (in)

Figure 6-12: System Event Precipitation and Percent of Total for San Antonio, TX

105



Similarly, the runoff of the system may be analyzed to generally assess the total quantity

of water that must be managed. The runoff seen in the system across the entire simulation period

can be seen in Figure 6-13.

Runoff (CFS)

30.0

250

20.0

15.0

10.0

5.0

0.0

System Runoff

Ll ‘l |

0 1,000

2,000

b llx}lld ii‘

3,000 4,000 5,000 6,000 7,000 8,000
Elapsed Time (days)

Figure 6-13: System Runoff in San Antonio, TX

To determine the relationship between precipitation and runoff across the 10-acre

watershed, a scatter plot may be created, as seen in Figure 6-14. The USEPA SWMM tool creates

these scatter plots per unit time; however, the data points may be extracted to examine the depth

of runoff and precipitation. If trends are present in such a figure, further conclusions can be made.

Subcatch 1 Runoff (CFS)

20.0

15.0

Subcatch $1 Runoff v. Subcatch 51 Precipitation
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Figure 6-14: Subcatchment Runoff vs. Precipitation in San Antonio, TX
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To analyze the use of the emergency spillway based on the volume of water in the sediment
basin, a scatter plot can be created. Such a plot is seen for the 2-yr, 24-h basin in San Antonio, TX
in Figure 6-15. This figure highlights the greater usage levels of the emergency spillway as the
basin’s volume increases beyond the combined dead and live storage volume.

Link Emergency Spillway Flow v. Node Basin Volume

10.0

- .-

Link EmergencySpillway Flow (CFS}

50

0.0

20,000 40,000 60,000 80,000 100,000 120,000 140,000
Node Basin Volume (ft*)

Figure 6-15: Spillway Flow vs. 2-yr, 24-h Basin Volume in San Antonio, TX

6.7.1 SWMM Simulation Result Calculations

A statistics report can be generated by SWMM for the total inflow to the sediment basin,
the mean sediment basin volume for a given storm duration and a given minimum volume, and the
mean flow rate through the emergency spillway for a given storm duration. Using these outputs
and the design calculations from the Excel file, the total inflow to the basin, the time-weighted
average volume in the sediment basin, and the total volume of overflow through the spillway can
be calculated.

Using the SWMM statistics report, the mean volume of the sediment basin should be

generated for every event in which the volume in the sediment basin is greater than the dead storage
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volume. This optional input parameter allows the user to account for extended dry periods that
were experienced in the simulation time that would result in an average sediment basin volume
that is significantly lower than expected. For San Antonio, TX, the dead storage volume for the 2-
yr, 24-h sediment basin design is 18,633 ft2 (527.6 m®). The statistics report input parameters can
be seen in Figure 6-16 and the graphical results can be seen for San Antonio, TX can be seen in

Figure 6-17.

Object Category |N|:|de V|
Object Mame Basin +
Variable Analyzed |‘ufu:ulume V|
Event Time Pericd | Event-Dependent o |
Statistic |Mean V|

Event Thresholds

Yolume 18633
Event Volume 0
Separation Time 3

oK Cancel Help

Figure 6-16: Statistics Report Inputs for San Antonio, TX
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volume of 18,633 ft® (527.6 m®) for San Antonio, TX are shown in Figure 6-18.

0
20,000
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Event Mean Volume (ft?)
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Figure 6-17: Basin Volume for San Antonio, TX
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The first five events in which the volume of the basin was greater than the dead storage
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Sumim ary Events

Histogram Frequency Plot

Figure 6-18: San Antonio, TX Statistics Report Results

Ewvent Ewvent Exceedance Return

Duration Mean Frequency Period

Rank Start Date (hours] (ft7) (percent) (years)
1 10/17/1993 128.0 24563.961 0.50 22.00
2 0770172002 171.0 81613.734 1.01 11.00
3 09/03/2018 26.0 71920.094 1.51 7.33
4 08/ 16,2007 86.3 70350.430 2.01 5.50
5 05/25/2013 T4.5 G7393.875 2.51 4,40

From this statistics report, the user may calculate the time-weighted average volume using

the following procedure:

1. Sum the event duration times

2. For each event, divide the event duration time by the result of (1)

3. For each event, multiply the average volume of the basin and the result of (2)
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4. Sum all of the results from (3)

5. The result of (4) is the time-weighted average volume

From (5), the time-weighted average percent of live storage volume utilized may then be
calculated with Equation 6-17.

(time weighted avg.vol.) — (dead storage vol.)

%LS = . X 100% Equation 6-17
live storage vol.

Where,

% LS = Time-weighted average percent of live storage volume utilized, %

time weighted average vol. = Time-weighted average volume from (5), ft3 (m®)
dead storage vol. = Design dead storage volume from Excel, ft3 (m?)

live storage vol. = Design live storage volume from Excel, ft® (m®)

A sample calculation for the time-weighted average volume and subsequent calculation of
the percent of live storage volume considering only the first five events for San Antonio, TX is
seen in Table 6-11 and Table 6-12, respectively. Note that the final time-weighted volume and
percent of live storage utilized for the 2-yr, 24-h basin design in San Antonio, TX differs from
these results as these tables only consider five out of 198 events. This means that 9.4 events per
year utilized any portion of the live storage. The mean percent of live storage volume utilized (for

the 2-yr, 24-h basin) for all 198 events is 28.4% for San Antonio, TX.
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Table 6-11: Sample Time-weighted Live Storage Volume for San Antonio, TX

i Time-
Event Duration (hr) Frac[gllj):la;)i];l'otal Ever(l;t;\)/l ean weighted
Volume (ft3)

129.0 0.23 84,564 19,769

171.0 0.31 81,614 25,292

86.0 0.16 71,920 11,209

86.3 0.16 70,350 11,003

79.5 0.14 67,894 9,782

*Note 35.3 ft3 equals 1 m®

Table 6-12: Mean Percent of Live Storage Volume Utilized Sample Calculation for San
Antonio, TX

_ (77,054) — (18,633)
- 93,432

% LS x 100% = 62.5%

Next, the volume of overflow through the auxiliary spillway can be calculated using a
SWMM statistics report. The SWMM statistics report can generate every instance in which flow
is greater than zero through the emergency spillway and outputs the duration and flow rate (ft3/s)
through the spillway. The parameters for the report can be seen for the 2-yr, 24-h basin in San

Antonio, TX in Figure 6-19 and the results can be seen in Figure 6-20.
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Statistics Report Selection o

Object Category Link v|
Ohbject Name EmergencySpillway i
Varisble Analyzed | Flow v|
Event Time Period | Event-Dependent V|
Statistic Mean v|
Event Thresholds

Flow 0

Event Yolume 0

Separation Time 3

oK Cancel Help

Figure 6-19: Statistics Report Parameters for Overflow Through Spillway in San
Antonio, TX

Link EmergencySpillway Flow

Percent of Total

4 5 6 7 8 9 10 11
Event Mean Flow (CFS)

Figure 6-20: San Antonio, TX Overflow Statistics Report Results

Every event in which the flow through the emergency spillway is greater than zero for San

Antonio, TX is shown in Figure 6-21.
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Overflow Vol.= duration X flow rate X 3,600

Where,

Overflow Vol. = Total volume of overflow through the emergency spillway, ft3
duration = Time of flow through the emergency spillway, hr

flow rate = Flow rate through the emergency spillway, ft3/s

2
Summary Events Histogram Frequency Plot
Event Event Exceedance Return
Duraticn Mean Frequency Period
Rank Start Date {(hours) (CF5) (percent) (years)
1 10/17/1998 5.3 10,734 5.56 22,00
2 09/08/2010 2.5 5.512 11.11 11.00
3 07/01/2002 5.0 5.404 16.67 7.33
4 05/25/2013 4.8 5.291 22,22 5.50
5 09/26/2016 4.3 3.623 27.78 4,40
& 11/22/2004 4.5 3.430 33.33 3.67
[ 10/17/1998 10,5 3.221 33.89 3.14
8 07/03/2002 4.3 2112 44.44 2.75
9 06y 24/2001 2.8 1.683 50.00 2.44
10 08/16/2007 4.0 1.511 53.56 2.20
1 09/04/2018 4.0 0.887 61.11 2.00
12 07/02/2002 8.5 0.837 66.67 1.83
13 10/04,2009 2.0 0.724 72,22 1.69
14 10/19/1992 8.3 0.643 7773 1.57
15 08/04/2018 1.8 0.475 83.33 147
16 07/05/2002 4.0 0.433 23.89 138
17 10/18/1992 2.5 0.387 94,44 1.29

Figure 6-21: San Antonio, TX Overflow Statistics Report Results

From this report, the total volume can be calculated using Equation 6-18.

sec
hr
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The total overflow volume through the emergency spillway for each overflow event in the

2-yr, 24-h basin for San Antonio can be seen in Table 6-13 below.

Table 6-13: San Antonio, TX Overflow Volume Calculations

Event Duration (hr)

Event Mean (ft%/s)

Overflow Volume (ft3)

5.3

2.5

5

4.8

4.3

4.5

10.5

4.3

2.8

4.0

4.0

8.5

2.0

8.3

1.8

4.0

2.5

Total

10.7

5.5

5.4

5.3

3.6

3.4

3.2

2.1

1.7

1.5

0.9

0.8

0.7

0.6

0.5

0.4

0.4

204,805
49,608
97,272
91,428
56,084
55,566
121,754
32,694
16,965
21,758
12,773
25,612

5,213
19,213
3,078
6,235
3,483

823,541

*Note 35.3 ft® equals 1 m3, 35.3 ft3/s = 1 m%/s
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Once the total volume of overflow through the emergency spillway is calculated, the
percentage of inflow that overflows through the emergency spillway can be calculated. To do so,
a statistics report should first be generated with the total inflow to the sediment basin, as seen in

Figure 6-22 with the first five inflow events being shown in Figure 6-23.

Object Category |Ncu:1e V|
Object Mame Basin +
Variable Analyzed |T|:|ta| Inflow V|
Event Time Pericd | Event-Dependent o |
Statistic |T0ta| e |

Event Threzsholds

Total Inflow ]
Event Volume ]
Separation Time 3

QK Cancel Help

Figure 6-22: Statistics Report Selection for San Antonio, TX Total Basin Inflow

s

Surnmary Events  Histogram Frequency Plot

Event Event Exceedance Return

Duration Total Frequency Pericd

Rank Start Date {hours) (ft3) (percent] (years)
1 10/17/1993 61.5 523278.531 0.24 22.00
2 07/01,/2002 53.5 338521.875 0.48 11.00
3 05/25/2013 1.5 196532.125 0,72 7.33
4 09/25/2016 21.8 183233422 0.95 5.50
5 11/22/2004 20.0 164083.703 1.19 4.40

Figure 6-23: Statistics Report for Total Inflow to San Antonio, TX Basin
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Then, the total inflow to the sediment basin for each event should be added together to get
the total inflow to the sediment basin across the entire simulation period. For the 2-yr, 24-h
sediment basin design in San Antonio, TX, the resulting total inflow to the basin is 9,412,937 ft3
(266,544.7 m®). Then, Equation 6-19 can be used to calculate the percent of inflow that overflows
through the emergency spillway.

Overflow Vol.

0, = 1009 i -
Yo Over flow Inflow Vol. X 100% Equation 6-19

Where,

% Overflow = Percent of total inflow volume to the basin that overflows through the emergency
spillway, %

Overflow Vol. = Total volume of overflow through the emergency spillway, ft3 (m?)

Inflow Vol. = Total inflow volume to the sediment basin, ft* (m?)

A sample calculation for the percent of total inflow that overflows through the emergency
spillway for San Antonio, TX is shown below.

823,541 0
% OUBT'flOW = m X 100% = 8.75%
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6.8  Summary of Design and Simulation Process

This study included many steps to ensure sizing methods and SWMM simulations were
the same across each study location and basin design. The steps taken for each basin design at each
location are summarized below.

1. Obtain necessary data from the corresponding source for:
a. 2-yr, 24-h and 10-yr, 24-h rainfall depth
b. 85M 90" 95M and 99" Percentile depths
c. Historical precipitation and temperature data
d. SCS Rainfall Distribution Type
2. Design the six Sediment Basins for every location in Excel
3. Input site specific parameters into the SWMM model file
a. Start and end date and time
b. Rain and temperature files
c. Basin geometry
d. Skimmer discharge rate
e. Spillway length
4. Run simulation
5. Use statistics report for results

6. Use results to calculate the optimal ratio

The 150 locations had results for each of the four VVSFs that will be used to compare to the

two standard VSFs. The resulting data includes the mean live storage volume utilized for each
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sediment basin as well as the percent of inflow to the sediment basin that overflows through the

emergency spillway.

6.9  Optimal Volume and Runoff Capture Ratio

A study was done by Guo and Urbonas (1996) where they outline a method for determining
the maximized, or optimal, volume for stormwater facilities. This method emphasizes the
significance of runoff captured in sizing these facilities and justifies the utilization of the method
through explaining that the 2-yr, 24-h stormwater storage volumes may be too large for many
areas.

In their study, Guo and Urbonas (1996) explains the necessity of balancing the brim-full
volume and the drain time of a basin due. They further explain that increasing the brim-full volume
of a basin may not significantly increase sediment removed due to the removal rate of sediment
relying on both volume and drain time. Thus, they created their method for determining the optimal
size of a basin.

In this study, Guo and Urbonas (1996) considers that when a stormwater practice design
volume is too small, larger storm quantities may exceed this volume whereas when it is too big,
the stormwater flow may be too fast for adequate sedimentation. Thus, an optimal design volume
is required which results in diminishing returns in capturing stormwater runoff when it is exceeded.
To calculate such an optimal, or maximized, volume, several steps and equations must be utilized.
In their study, several of the processes used vary from the methods utilized for this thesis.

In their study, Guo and Urbonas (1996) analyzed seven distinct locations by first collecting
the hourly precipitation data at each location. Individual storm events, as identified by an event
separation of six hours, were then found for the entire period on record and converted to a runoff

depth using Equation 6-20 and a watershed runoff coefficient.
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B.=C(P,—P) Equation 6-20
Where,
P. = Runoff volume (per unit area) for each separated rainfall event
C= Watershed runoff coefficient
P, = Precipitation over tributary watershed

P; = Incipient runoff depth (0.10 in. (0.254 cm) used in their study)

The runoff depths, Py, were then sequentially sorted and a maximum runoff depth equal to
the 99.5 percentile runoff depth was used to avoid extreme events from affecting the average and

ultimately normalize the data. This normalization can be seen in Equation 6-21.

P =5 Equation 6-21
Where,
P, = normalized storage volume
P, is determined under different basin sizing methods, which could change from 0 to Pm (from no

detention to the maximum detention/sediment basin size)

P,, = maximum event runoff volume, ft3

Then, they used Equation 6-22 to calculate the maximum volume of runoff that can be

captured by the basin for a rainfall event of duration Tg.

P
Po=F+Tar Equation 6-22
e

Where,

P. = Maximum runoff volume (in.) that can be captured for a basin design
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P, = Brim-full volume (in.) of the basin

T,; = Storm duration, hr

T, = Empty/drain time of basin,hr

Therefore, if the runoff volume, Py, exceeds the maximum capture volume of the basin, P,
then that excess volume, Pr - P, is assumed to overflow. For their continuous studies with N runoff
producing events, they therefore utilized Equation 6-23 and Equation 6-24 with total overflow

being assumed as zero if Py - P is less than zero.

j=N
Py = Z Py Equation 6-23
j=1
j=N
Pyo = Z(Prj — Pj) Equation 6-24
j=1

Where,
P, = accumulated runoff volume
P,, = accumulated overflow volume

P;j varies with the rainfall event’s duration

From these values, Guo and Urbonas (1996) calculated the runoff volume capture ratio for

their continuous studies using Equation 6-25.

Ry =1-— P—to Equation 6-25

tr

Where,

Ry, = Runoff volume capture ratio, ranging from zero to unity
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Guo and Urbonas (1996) explains that the next step for determining the maximized, or
optimal, volume is to generate a plot with the result of Equation 6-21 plotted on the x-axis and the
result of Equation 6-25 plotted on the y-axis for a series of basin designs Pp/Pm. The results of such
steps will create a plot varying from zero to unity that allows for the determination of the optimal
ratio and thus the optimal storage volume. After the data points are plotted, a figure resembling
Figure 6-24 should be generated and used to find this ratio. To find the ratio, a trendline should be

added and the point at which this trendline has a slope of one is the optimal point.
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Figure 6-24: Capture Rate versus Normalized Detention Volume to Determine the
Optimal Detention Size (from Guo and Urbonas 1996)

Ultimately, due to the diminishing returns seen once the optimal basin size is reached, Guo
and Urbonas (1996) emphasizes that this maximized volume should be used for storm water
quality control designs with their seven study sites finding that the maximized volumes were able

to capture between 82 and 88 percent of runoff volumes.
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6.9.1 Optimal Design Method Used

For this study, the key steps and calculations outlined by Guo and Urbonas (1996) were utilized.
However, this study used some assumptions and internal calculation methods that differed from
the study done by Guo and Urbonas (1996). Then, for each of the two analysis types (Method 1
and 2), case studies were done to analyze the impact of various factors on the resulting optimal
basin size.

Specifically, for this study, an analysis was done both through utilizing the data from each
of the six basins at all 150 locations resulting in 900 distinct data points (Method 1), and for each
individual location utilizing the data points specific to that location (Method 2). However, in their
study, Guo and Urbonas (1996) performed a separate analysis on each of their seven study
locations resulting in seven distinct optimal capture ratios and optimal basin sizes.

For Method 1, two case studies were performed using distinct methods of designing the
maximum volume (Pm) basin that was used to normalize the data. First, the SCS CN method was
utilized to design the maximum volume basin using the same methods as the original basin designs
(Method 1-A). Second, the runoff coefficient method was used to design the maximum volume
basin (Method 1-B).

For Method 2, the impacts of various factors were assessed through changing various
parameters. Specifically, the impact of what basin to utilize as the maximum runoff volume basin
(Pm) was assessed in Method 2-A through comparing the required brim-full volumes resulting
from each analysis. For Method 2-B, the impact of changing the goal slope of the tangent was
assessed by changing the goal slope at the optimal point from 1:1 to various other slopes based on
the performance of basins in the specific location. Final recommendations for the optimal VSF at

each location were provided through this analysis.
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To start, this study utilized the results from the SWMM analysis for the four proposed
VSFs and for the two standard basins. Through the utilization of a hydrologic model, this study
removed several assumptions made by Guo and Urbonas (1996) and considered many more
parameters.

First, the total runoff volume accumulated, Py, was calculated not through utilizing
Equation 6-20 and Equation 6-23, but through finding the total inflow volume to the sediment
basin from the SWMM modeling result report. Through the utilization of the SWMM results, this
study more accurately calculated the total inflow volume to the basin. Specifically, SWMM
determines the runoff volume while considering several parameters ignored by the equations
including evaporation (calculated through the temperature files), the infiltration of water
throughout the period on record, and surface parameters including roughness, slope, and
imperviousness. In their study, Guo and Urbonas (1996) used a constant watershed runoff
coefficient in Equation 6-20 to convert rainfall depths to runoff depths. This coefficient represents
the percentage of rainfall that becomes direct runoff and depends on various factors including soil
type, vegetation, and land use and varies widely across watersheds and rainfall events. In
comparison, this study used the SCS CN methodology, both when sizing the design basins used as
well as within the SWMM model. In addition, Guo and Urbonas (1996) assumes a constant release
rate of water from the basin based on the drain time and brim-full volume. Then, the maximum
potential runoff volume is calculated through this rate and the brim-full volume, excluding the
consideration of other parameters in this analysis. For this study, total overflow over a long-term
simulation period (e.g. 21.4 years for 150 locations studied) is calculated based on a statistics
report from SWMM on spillway’s overflow, as explained in Section 6.7.1, which therefore

considers the sediment basin’s surface evaporation and bottom seepage, basin dead storage,
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principle outflow through a surface skimmer, spillway design configurations, and inflow from the
10-acre drainage area. Through these differences, this study more accurately predicts and
calculates the runoff volumes, and the potential subsequent overflow from the basin, when
compared to Guo and Urbonas (1996).

Next, Guo and Urbonas (1996) utilized the 99.5™ percentile runoff depth as Pm to normalize
their data. However, this study utilized the 99" percentile precipitation depth, converted to runoff
depth using the SCS CN method, as P as this precipitation depth is available from the same data
source (USEPA SWOC) as the other percentile storm depths from the study. From this runoff depth,
the same method was utilized as that of Section 6.5.2.1 to design and size a sediment basin and the
corresponding brim-full volume, equal to the combined dead and live storage volume, was utilized
as the Pm. In addition, some of the case studies performed within the optimal design method
utilized the brim-full volume of the basin sized using the local 2-yr, 24-h precipitation depth. This
study utilized the 2-yr, 24-h precipitation depth because, as stated in Section 6.2, 121 of the study
locations have a higher 2-yr, 24-h precipitation depth than 99" percentile precipitation depth. Since
this maximum runoff volume is meant to serve as a normalization factor, this larger volume was
used and compared to the results when using the 99" percentile depth.

Ultimately, this study utilizes the hydrologic model SWMM to generate the total runoff
volume (inflow volume to the basin) and the volume of overflow through the emergency spillway
as opposed to using the equations utilized by Guo and Urbonas (1996) which make several
assumptions. However, this study also utilizes the data points from all 150 locations in one of the

case studies, resulting in optimal pond sizes that may not be as accurate for some locations.
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6.9.1.1 Optimal Design Method 1

For this study, an analysis across all 150 locations was done first to calculate the resulting
optimal capture rate and basin size using all data points. Thus, the steps outlined in this section
were taken for each of the six original basin designs, the four proposed VSFs as well as the two
standard VSFs, at each location using the respective results of the SWMM analysis for each
location and design. These results led to a singular optimal capture rate and corresponding optimal
x-axis value across every location. However, differences in each location’s maximum runoff
volume (Pnm) led to differences in the optimal pond sizes.

First, each of the sediment basins were designed with location specific precipitation depths
and the corresponding brim-full volume (Pp), equal to the combined dead and live storage volume,
was found for each basin and location. This resulted in 900 brim-full volumes across all study
locations. Then, the maximum runoff volume (Pm) was calculated for each location utilizing the
brim-full volume of the sediment basin designed to the local 99™" percentile precipitation depth.
This maximum runoff volume will be the same for each basin design at the corresponding location
(150 distinct Pm volumes). For Method 1-A, the steps taken to design the basin sized to the local
99" percentile precipitation depth were the same as those taken to design the original six basins,
as discussed in Section 6.5.2.1. For Method 1-B, the steps taken to design the basin sized to the
local 99" percentile depth utilized the runoff coefficient method utilized by Guo and Urbonas
(1996) to convert the precipitation to runoff, as seen in Equation 6-26. From this, the normalized

storage volume was calculated using Equation 6-21, seen above.

P
P,=CxX % X Age. X 43,560 Equation 6-26

Where,

C = watershed runoff coefficient
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P,,, = maximum runoff volume, ft3
Py = local 99" percentile storm depth, in.

A, = drainage area, acre

Next, the storage basin’s capture rate was calculated based on the overflow volume from
the emergency/auxiliary spillway. To calculate the capture rate, Equation 6-25 was used with P;,
being the accumulated overflow volume leaving from the basin and P, being the accumulated
runoff volume into the sediment basin.

P,, and P, were calculated and found through the SWMM simulations and the methods are
discussed in Section 6.7.1. It should be noted that for each location the accumulated inflow runoff
volume to the basin, P;,, was the same across each basin design as identical simulation periods are
used; however, the accumulated overflow volume, P;,, differed from basin designs.

Then the plot seen in Figure 6-24 was generated for each case study to determine the
optimal capture rate and corresponding optimal basin size. This occurs when the tangent of the
trendline has a slope of one.

Once the optimal point was determined, the optimal basin size was calculated for each
location. To do so, Equation 6-27 was used to first determine the optimal volume under the
spillway, equal to the combined volume of the live and dead storage zones. Once this volume was
determined, it was possible to work backward utilizing the same geometric constraints as the other
basin designs, as discussed in Section 6.5.2.1 to determine the geometry of each zone of the optimal
basin as well as the skimmer outflow rate.

By o = Optimaly,_qyis X By Equation 6-27

Where,
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P

0 = Optimal volume under spillway (optimal brim-full volume), ft

Optimal,_,,;s = optimal point x-value

After the optimal basin was designed for each location, the same steps as those for the
original standard and proposed VSFs were taken to run a long-term SWMM simulation. These
results were compared to that of the standard to analyze the performance of the optimal basin

design.

6.9.1.1.1 Sample Optimal Design Calculation — Method 1

To demonstrate the entire Optimal Design required calculations and the design process for
Method 1, the steps taken for San Antonio, TX are documented below.

First, the six sediment basin designs were developed using the Excel sheet and location
specific parameters. Then, a long-term simulation was conducted in SWMM for each of those
basins at all 150 locations. Using the results from these simulations, including the accumulated
overflow volume leaving from the basin (P,,) and the accumulated runoff volume into the
sediment basin (P;), the optimal capture rate and the corresponding x-axis value (normalized
storage volume, Pnp) were found and utilized to calculate the optimal volume for each location.
For Method 1-A and 1-B, the maximized storage volume (Pm) differed, resulting in different
optimal capture rates and corresponding x-axis values. For Method 1-A, the optimal capture rate
and corresponding x-axis value were 0.63 and 0.47, while for Method 1-B, the optimal capture
rate and the corresponding x-axis value were found to be 0.85 and 0.41, respectively.

For San Antonio, the SWMM analysis found that the accumulated runoff volume into each
sediment basin across the entire simulation period was about 9,412,937 ft* (266,544.7 m®). Then,

the SWMM report was used to calculate the overflow volume through the emergency/auxiliary
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spillway for each basin design. The runoff volume capture ratio (Ry) was then found for each basin

design using Equation 6-25 as seen in Table 6-14 below. These Ry values are the same for each

location for each Method, including Method 2. The results of the Ry calculations (y-axis values)

for each location were then added to the figure containing all data points used in Method 1.

Table 6-14: Sample Capture Ratio Calculation for Optimal Design Method 1

Overflow Volume Through

Runoff volume capture ratio

Basin Design Spillway (ft?) (Rv —1— Of:;{:;tzfz)
2-yr, 24-h 823,540.68 0.91
3,600 ft3 runoff per acre 3,293,561.16 0.65
1,800 ft3 runoff per acre 5,221,546.92 0.45
85" Percentile 6,258,994.2 0.34
90™ Percentile 4,862,695.32 0.48
95" Percentile 3,297,151.8 0.65

*Note 35.3 ft3 equals 1 m®

Next, the normalized storage volumes (Pnp) were calculated for each location based on the

corresponding maximized storage volume (Pm). For Method 1-A, the value of the maximized

storage volume (Pm) was found to be 103,765 ft* (2,938.3 m®) which corresponds to the brim-full

volume of the basin sized to the 99" percentile depth using the SCS CN method described in

Section 6.5.2.1. For Method 1-B, the maximized storage volume (Pm) was calculated as follows

using the highest/assumed runoff coefficient of one:

Pyg(in.)

P, =CX-——2
m 12 in./ft

X Age X 43,560

G

ac.
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After calculating the maximized storage volume (Pm) and the brim-full volume for each
basin design, the x-axis values of the normalized storage volumes (Pnp) were calculated for each
method using Equation 6-21, as seen in Table 6-15 below. The results of the Py, calculations (x-
axis values) for each location were then added to the figure containing all data points used in
Method 1-A and 1-B.

Table 6-15: Sample Normalized Storage Volume Calculations for Optimal Design Method 1

Basin Desian Brim-full Volume | Normalized Storage | Normalized Storage
g (Pp) (f£%) Volume: Method 1-A | Volume: Method 1-B
2-yr, 24-h 112,065 1.08 0.81
3
3,600 ft° runoff per 42.160 0.41 0.31
acre
3
1,800 ft° runoff per 21165 0.20 0.15
acre
85" Percentile 13,740 0.13 0.10
90" Percentile 24,000 0.23 0.17
95" Percentile 42,160 0.41 0.31

*Note 35.3 ft° equals 1 m®

After this process was completed for each location and the corresponding 900 data points
were added to the figures for Method 1-A and 1-B respectively, the optimal capture rate Ry and
corresponding optimal x-value (Pp/Pm)optimai Was found. To do so, the derivative of the trendline
was determined and then a calculation was done to find the point at which the derivative was equal
to one.

From this optimal x-axis value, the optimal volume can be determined. To do so, Equation
6-27 was used to calculate the optimal brim-full volume (Pp,0), equal to the dead and live storage

volume combined.
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For Method 1-A in San Antonio, TX, Equation 6-27 is solved as follows. Note that the
exact optimal x-value was utilized for this calculation.

B

o = Optimal,_gys X P, = 0.47 X 103,765 = 46,294.3 ft°
For Method 1-B in San Antonio, TX, Equation 6-27 is solved as follows. Note that the

exact optimal x-value was utilized for this calculation.

B

o = Optimal,_4ys X By, = 0.41 X 137,577 = 55,853.5 ft3

This means that the optimal design basin for San Antonio, TX should have a combined
dead and live storage volume of at least 46,294.3 (1,310.9 m®) and 55,853.5 ft* (1,581.6 m®) based
on the analysis of Method 1-A and Method 1-B, respectively. Using the required P, value, the
basin geometry is then calculated using the same geometry constraints as the other basin designs,
with the Optimal VSF reported being equal to the design live storage volume per unit area. Thus,

due to rounding in the design of the basin’s geometry, the Optimal VSF reported is slightly larger

than required, providing a safety factor.

6.9.1.2 Optimal Design Method 2

For Method 1, the Optimal Design was calculated using a regression of all original basin
designs (6) across all 150 locations, resulting in 900 data points. According to Guo and Urbonas
(1996), computing the optimal design through the optimal capture rate may be more accurate if an
individual regression is completed for each location due to factors such as annual precipitation
levels that vary widely across the country. Thus, Method 2 was utilized to calculate the optimal
capture rate at each location to determine their corresponding Optimal Design. However, when

creating the location-specific optimal capture rate figure (Figure 6-24), there are significantly less
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data points when compared to the figure utilizing all the locations thus there may exist a gap
between certain values for these locations.

For each of the studies done in Method 2 (A and B), the original six basin designs were
utilized as data points as well as the results of the SWMM analysis performed on the results of
Method 1-A and 1-B and the results of the SWMM analysis performed for the basin designed to
the local 99" percentile storm at each location. Thus, each location utilized nine data points for the
individual regression.

This method calculated a distinct optimal capture rate and pond size for each location
through performing a regression only on the specific location’s data points. Within this case study,
the results found using the 2-yr, 24-h brim-full volume as the maximum runoff volume (Pm) were
compared to those using the 99™ percentile brim-full volume as the maximum runoff volume (Pr)
calculated using the SCS CN method in Method 2-A. In addition, the results of changing the goal
slope of the tangent based on the performance of basins in the specific location were assessed in
Method 2-B.

For Method 2-B, results were further analyzed for locations that had a maximum runoff
volume capture ratio (Ry) of less than 0.9. This analysis was done because the maximized storage
volume (Pm) should capture all of the runoff to the basin, resulting in an Ry of one. In addition,
results for basins with many outliers were further assessed. Such outliers include locations with Ry
values of one (exactly zero overflow) at many design sizes. Specifically, some locations had Ry
values of one at a basin significantly larger than a basin with an Ry value of greater than 0.9 at the
same location. Thus, these outliers were removed at such locations and further analysis was done

to ensure that an accurate optimal size was found.
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6.9.1.2.1 Sample Optimal Design Calculation — Method 2

To demonstrate the entire Optimal Design required calculations and the design process for
Method 2, the steps taken for several locations are documented below.

First, the steps taken and data points for Method 1-A were used for each location,
depending on the decided design for the maximized basin, Pm, (2-yr, 24-h or 99" percentile),
resulting in six data points for each location and an added point at (0,0) being added to set the
intercept. Then, using the SWMM analysis performed for the optimal basin designs resulting from
Method 1-A and 1-B, the data points for each of those methods were calculated using the same
steps outlined for Method 1, leading to nine data points at each location. Finally, a SWMM
simulation designed to the Pm basin utilized in Method 1-A was run for each location, and the
results from the SWMM reports for each location were utilized to add an additional data point for
each location, resulting in a total of ten data points used for each location, including the (0,0) point.

For Method 2-A, the results of using the P basin sized to the 2-yr, 24-h or 99" percentile
storm events were compared, with the 99" percentile volume being calculated in the same way as
Method 1-A. Results can be seen in Table 6-16 below for San Antonio, TX, excluding the (0,0)

point.
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Table 6-16: Sample Calculations for Optimal Design Method 2-A

Basin Design Prp (Pm=Pp-yr, 24-h)) Pnp (Pm=Pp(99)) Rv
2-yr, 24-h 1.00 1.08 0.91
3
3,600 ft° runoff per 0.38 0.41 0.65
acre
3
1,800 ft° runoff per 0.19 0.20 0.45
acre
85" Percentile 0.12 0.13 0.34
90™ Percentile 0.21 0.23 0.48
95" Percentile 0.38 0.41 0.65
99" Percentile 0.93 1.00 0.90
Method 1-A Design 0.50 0.67 0.75
Method 1-B Design 0.42 0.46 0.69

From these results, a fifth order polynomial regression was performed for each Pn design
used. When the 2-yr, 24-h basin was utilized as the maximized volume, and for locations with a
larger 2-yr, 24-h precipitation depth versus 99™ percentile depth, the derivative of the regression
line was calculated to find when the slope was equal to one whereas when the 99" percentile depth
was larger the derivative line was used to find when the slope was equal to (1/(Pp9) / Pm=2yr,24-n)
or, 1/Pnpe9). This was done to ensure that the basin with the maximum capture rate (least overflow)
was considered. The same thing was done when the 99™ percentile basin was utilized as the
maximized volume, with the slope being set to 1/Pnp(2-yr,24-ny when the 2-yr, 24-h precipitation depth
was greater than the 99" percentile depth.

For example, when determining the goal slope of the tangent line of the regression line for

San Antonio when the 2-yr, 24-h depth was used as Pm, the goal slope of the tangent line was set
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to one because the 2-yr, 24-h depth is greater than the 99™ percentile depth. However, when using
the 99" percentile depth as P, the goal slope of the tangent line was set to 1/Pnp(-yr.24-n) = 1/1.08
= 0.93. From each of these goal slopes, the corresponding optimal x-axis value was found to be
0.30 when Pm=Pp(2-yr,24-ny and 0.33 when Pm=Pp99). From each of these values, the optimal brim-
full volume was then calculated based on the corresponding Pm. FOr Pm=Pp(-yr.24-n), the optimal
brim-full volume was calculated as follows. Note that the study utilized the exact optimal x-value.
Pyo = 0.30 X Py = 0.30 X Ppa_yy24-p) = 0.30 X 112,065ft> = 33,619.5 ft* (952 m?)
For the Pm=Pp(9), the optimal brim-full volume was calculated as follows.

P,, = 0.33 X P, = 0.33 X Py(o9y = 0.33 X 103,765ft3 = 34,242.5 ft3 (969.6 m?)

In this example, P, from the 99" percentile rainfall and the 2-yr 24-h rainfall are not quite
different so the maximum values of Pp/Pr are similar (1.0 and 1.08 in Table 6-16). In some other
locations, the maximum values of Py/Pm are much larger than one, so using a tangent line of 1:1
to find the optimal design would not be correct/accurate.

From these calculations, the optimal basins were designed using the same rounding
methods and geometric constraints as the original basin designs, significantly leading to these two
methods leading to the same ultimate basin geometry and, thus, the optimal VSF.

For Method 2-B, the same original steps were taken as those of Method 2-A, with only the
method of the determination of the goal slope of the tangent changing. Specifically, Method 2-A
was developed to consider that the basin with the maximum capture rate may not be the pre-
determined maximized basin. Thus, the goal slope was adjusted to consider that the 99" percentile
or the 2-yr, 24-h basin may have the highest capture rate which, according to Guo and Urbonas

(1996), should occur at the pre-determined Pm. Thus, the goal slope was readjusted to essentially
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calculate where the slope of the tangent was equal to one if the calculations were re-done to set the
Pm value to whichever basin had the higher capture rate out of the 2-yr, 24-h and 99" percentile
basins. However, this method did not consider that the maximum capture rate may occur at a basin
that is not either of the two listed. Thus, Method 2-B considers the capture rate of all the basin
designs and determines the goal slope based on the results. For this method, the goal slope was set
to 1/(Pp / Pm) or 1/Pnp where Pp (and its corresponding Pnp value) is the basin that has the highest
capture rate at the specific location.

The steps taken in Cheyenne, WY for this method are outlined below, with the original
results (using Pm = Pp(99) = Pp(2-yr.24-n)) Shown in Table 6-17 below, excluding the (0,0) point.

Table 6-17: Sample Data for Optimal Design Calculation in Cheyenne, WY

Basin Design Pnp=Pp/ (Pm) Ry
2-yr, 24-h 1.00 0.86
3
3,600 ft rugoff per acre (250 162 0.96
m® per ha)
3
1,800 ft rugoff per acre (125 0.81 0.80
m® per ha)
85th Percentile 0.05 0.10
90th Percentile 0.12 0.23
95th Percentile 0.33 0.51
99th Percentile 1.00 0.86
Method 1-A Design 0.96 0.85
Method 1-B Design 0.45 0.61

Here, it is observed that the 3,600 ft per acre (250 m? per ha) basin design had the highest

capture rate instead of either of the P basins used in Method 2-A. This results in data that does
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not range from zero to one on both axes, as seen in Figure 6-25 below, which is the goal of the

method outlined by Guo and Urbonas (1996).
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Figure 6-25: Cheyenne, WY Optimal Design Data Points When P is From the 2-yr,
24-h Rainfall

Therefore, to more accurately normalize the data, the goal slope of the tangent line was set
equal to the reciprocal of the normalized storage volume value of the 3,600 ft® runoff per acre (250
m? per ha) basin design. This resulted in a goal slope of 1/1.62 = 0.62. From this, the optimal x-
value can be calculated using the derivative equation of the regression line, which results in an
optimal x-value of 0.52 and therefore an optimal brim-full volume of about 13,402 ft3 (379.5 m?)
using the exact optimal x-value. This method was utilized at every location to ensure proper
normalization of data. To further illustrate the accuracy of using this method, Figure 6-26 was

developed using Pr as the 3,600 ft3 runoff per acre (250 m® per ha) basin.
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Figure 6-26: Cheyenne, WY Optimal Data Points When Pr, is From 3,600 ft* runoff
per Acre (250 m? per ha)

From this figure, the point at which the slope of the tangent line equals one was found and
then multiplied by the brim-full volume of the 3,600 ft* runoff per acre (250 m?® per ha) basin (the
new maximized basin). This led to a required brim-full volume of about 13,404 ft* (379.6 m%) with
differences (0.02% difference) being attributed to differences in the desired slope and the
calculated slope from the x-value. Ultimately, Method 2-B was used to more accurately determine
the optimal size of a sediment basin at all 150 locations by considering which basin resulted in the

least overflow (highest capture rate).

6.9.1.2.2 Further Case Studies for Optimal Design Method 2-B

Another task was completed to add to the findings and methods used for Method 2-B.
Specifically, the data at each location was assessed to ensure that there were both enough data
points close to a capture rate of one as well as to ensure that outliers did not affect the results. First,

the maximum capture rate (Rv) was found for each location. Of the 150 locations, 141 had a
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maximum Ry of at least 0.90, with 91 having a maximum Ry of at least 0.95. The remaining nine
locations with a maximum Ry of less than 0.90 were assessed further to ensure that the results and
recommendations provided were accurate. For each of these locations, additional data points were
added through further SWMM simulations being run to ensure that a maximum Ry of at least 0.90
was achieved before determining the optimal basin size. The steps taken for Rapid City, SD (Pm =
Pp-yr,24-n)) are outlined below, with the original data points and figure being shown in Table 6-18
and Figure 6-27.

Table 6-18: Rapid City, SD Original Data Points

Basin Design Pnp=Pp/ (Pm) Ry
2-yr, 24-h 1.00 0.84
3
3,600 ft rugoff per acre (250 114 0.86
m® per ha)
3
1,800 ft rugoff per acre (125 0.57 0.68
m® per ha)
85th Percentile 0.07 0.14
90th Percentile 0.13 0.28
95th Percentile 0.28 0.45
99th Percentile 0.78 0.78
Method 1-A Design 0.73 0.75
Method 1-B Design 0.35 0.53
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Figure 6-27: Original Optimal Design Data Points for Rapid City, SD

Here, a maximum capture rate of just 0.86 is observed, which may impact the results of the
optimal design by suggesting a design that is smaller than it should be. Therefore, four additional
SWMM simulations were run for basins sized to 5,000; 6,000; 8,000; and, 9,500 ft* runoff per acre
(349.9; 419.8; 559.8; and, 664.7 m® per ha) to both offer more data points to ensure the regression
line is accurate as well as to ensure a maximized basin is found which has a capture rate of at least
0.90. From these added simulations, Figure 6-28 was created with the maximum capture rate found

being 0.96.
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Figure 6-28: New Optimal Design Data Points for Rapid City, SD

From these added data points, a more accurate maximized volume was determined and
used to calculate the optimal brim-full volume in the same method described above. Through
examining and adding data points to each location with a capture rate of less than 0.90, the
calculated optimal volumes were more accurate based on a maximized volume more suitable for
that location.

Next, locations with optimal capture rates of exactly one (zero overflow) were examined
to ensure that the maximized volume selected was not too large for that location. Specifically,
there were 11 locations in which the capture rate of one was a basin much larger than the true
maximized basin for that location. For example, the 3,600 ft* runoff per acre (250 m? per ha) basin
in Reno, NV experienced zero overflow and thus had a capture rate of one which was originally
used in Method 2-B to determine the goal slope of the tangent. However, the 1,800 ft3 runoff per
acre (125 m® per ha) basin in Reno, NV experienced a capture rate of 0.89, indicating that the

maximized volume basin is likely smaller than the 3,600 ft* runoff per acre (250 m® per ha) basin

140



but larger than the 1,800 ft2 runoff per acre (125 m® per ha) basin. Therefore, the data point for the
3,600 ft3 runoff per acre (250 m? per ha) basin was removed so as not to skew the data, and an
additional data point was added using the results of a SWMM simulation for a 2,500 ft3 runoff per
acre (174.9 m® per ha) basin which was found to have a capture rate of 0.96. Therefore, this point
was then used as the maximum point to be considered when determining the goal tangent slope,
and the optimal x-axis value was then found using the same methods described above. Ultimately,
the analyses provided through each step in Method 2 ensure that optimal designs are accurate and

consistent.

6.10 The Impact of Other Parameters on Sediment Basin Performance

This study focuses on the impact of changing the live storage volume on sediment basin
performance. However, many other factors such as soil characteristics and design parameters can
and do affect a sediment basin’s performance. To assess the impacts of different parameters, four
case studies were conducted to analyze sediment basin performance by changing other parameters
in addition to the volume. Such parameters include the dewatering time of the basin, which impacts
the skimmer discharge rate, the infiltration rate of the soil in the basin, the Hydrologic Soil Group
Type, and the watershed runoff coefficient. The case studies run included various combinations of
the two standard basin designs and the Optimal Design basin at three locations. An additional study
was conducted to assess the ability of each basin design to handle the local 2-yr, 24-h storm event.
In addition, to assess the impacts and how they vary by region and rainfall, specific locations were
chosen based on their average annual precipitation. The chosen locations include the location with
the lowest average annual precipitation in which all basin designs were 7 ft (2.13 m), the location
with the closest average annual precipitation to the 2024 contiguous U.S. average of 31.58 in.

(80.21 cm) (NCEI 2024), and the location with the highest average annual precipitation. These
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locations include Los Angeles, CA; San Antonio, TX; and, Hakalau, HI, respectively. The average
annual precipitation of these locations is 11.92, 31.57, and 193.2 inches (30.28, 80.19, and 490.73

cm), respectively.

6.10.1 Dewatering Time

To assess the impact of dewatering time on sediment basin performance, a case study was
run to compare the results of three basins performance at the three selected locations. The basin
designs compared include the two standard designs as well as the Optimal Design basin. For this
study, a dewatering time of 72-h was utilized across every location. For this case study, simulations
using a 6-, 24-, 48-, and 120-h dewatering time were run to compare to the 72-h dewatering time.
Changing the dewatering time of the basin directly impacts the required discharge rate of the
floating surface skimmer, as reflected in Equation 6-3. To run these simulations, the original
SWMM files for each of the three locations and each of the three compared basin designs were
copied and changed to meet the new requirements. In the SWMM file, the new calculated
discharge rate for the skimmer was adjusted and the simulations were then run and the results were

compared.

6.10.2 The Impact of Sediment Basin Soil Type

While this study assumed a constant infiltration rate of clay soil, changes to the infiltration
rate may affect the basin’s performance. To assess these impacts, case study simulations were run
using the infiltration rate of loam and sand to compare to clay. In their paper, Kassem et al. (2023)
provides the USDA determined soil parameters for each soil type. Using these values, the case
studies will be run by altering the suction head and the conductivity in the storage node seepage

editor in SWMM. For the loam case study, the suction head and conductivity were changed to 3.5
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in. (88.9 mm) and 0.30 in./hr (7.62 mm/hr), respectively. For the sand case study, the suction head
and conductivity were changed to 1.95 in. (49.53 mm) and 4.64 in./hr (117.86 mm/hr),

respectively.

6.10.3 Curve Number

For this study, the CN was held constant to best compare only the impacts of changing the
volumetric design of basins; however, the CN has many impacts on the performance and design
of sediment basins. To analyze these impacts, a case study was conducted on the 2-yr, 24-h basin
in the three locations. While impacts would be experienced by designs using a sizing ratio (i.e.
ft3/ac or m®ha) due to the use of the CN method for infiltration in the SWMM model, results for
basins sized using a precipitation depth will experience greater differences in performance due to
several design impacts. Specifically, the basins designed using precipitation depths, which use the
SCS CN method to calculate the required live storage volume, will have a different live storage
volume for each CN. This results in differing skimmer discharge rates and basin geometries for
each CN. In addition, the calculated peak flow for sizing the emergency spillway also changes.

Several parameters when both designing the basin as well as parameters within the SWMM
model were changed for each different CN tested. The CN’s tested were for that of newly graded
soil for Hydrologic Soil Group A, C, and D, with the CN for B being used for the entire study.
Within the SWMM model, several parameters must be adjusted for each CN in addition to the
design changes. First, within the subcatchment parameters, the depression storage depth and the
CN in the infiltration data section must be updated. Second, within the basin node parameters, the
design changes of the basin geometry must be updated. Next, the skimmer outflow rate must be
updated. Finally, the emergency spillway length must be changed. Ensuring all the necessary

parameters are adjusted for each CN is essential for accurate simulations.
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6.10.4 Short-term Performance Analysis

For this study, the performance of each sediment basin was measured through a long-term
analysis using local precipitation and temperature data. While this analysis offers insight into the
performance of each sediment basin design, these designs must also be able to handle the local 2-
yr, 24-h storm event. Thus, short-term studies were done at three locations using a developed
precipitation time series for that location’s specific 2-yr, 24-h precipitation depth.

To develop these time series tables for each location, the SCS Rainfall Distribution tables
were used. This mass curve, as seen in Figure 6-29, shows the cumulative rainfall depth at a certain

time during the storm.
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Figure 6-29: SCS Rainfall Distribution Mass Curve (Bentley StormCAD 2024)

This data is available in a tabular format using 0.1-hour time intervals. From this, a linear
interpolation was performed to provide the rain fraction for each Rainfall Distribution Type using

5-minute (0.083-hour) time intervals. Next, the cumulative rain fraction was transformed into an
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incremental rain fraction and then this incremental rain fraction was multiplied by the local 2-yr,
24-h rain depth to finish the time series.

After the time series tables were developed, a short-term simulation was run for each of
the three basin designs at each location. While this storm occurs over a period of 24 hours, the
volume in the basin as well as the overflow through the spillway may continue for several days to
hours after the rain event stops. Thus, the simulations were run for four days (96 hours) at each
location with the starting date and time being the first available date and time as used for the entire
study. These simulations also utilized the local daily temperature data to account for evaporation
during the short-term event.

To analyze the short-term performance of each basin design, the same analysis was
conducted as that of the long-term study. Specifically, the mean volume of the basin when the
volume was greater than the dead storage volume and the total volume of overflow through the
emergency spillway were found using the Statistics Report tool in SWMM. From this data, a
comparison of the results for each of the three basins was done to assess each basin’s ability to

handle the 2-yr, 24-h storm.

6.10.5 Runoff Coefficient and Optimal Ratio

This study assumed that all the rainfall from the local 99" percentile event would become
direct runoff. However, this worst-case scenario is unlikely to occur in practice due to infiltration,
evaporation, and other factors that vary by location. Thus, a case study was conducted to analyze
the effect of the runoff coefficient on the Optimal Basin design and performance.

Through changing the watershed runoff coefficient, the maximum volume in ft* for each

location, Pm, changes and thus the overall Optimal Ratio and subsequent optimal VVSF values will
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change for each location. To assess these impacts, the optimal ratio was calculated using various

other watershed runoff coefficients and simulations at the three locations were analyzed.

6.11 Cost Analysis

In addition to the environmental concerns regarding the proper sizing of sediment basins,
there is also a concern about the costs to install and maintain the sediment basin. Sediment basins
are some of the most expensive stormwater control practices due to their large footprint, thus,
adequate consideration should be given to their design to ensure resources are spent wisely.

To analyze and compare the costs of the six sediment basins analyzed in this study, the
following steps were taken. First, since this study focuses only on the impact of changing the
volumetric design of sediment basins, only the excavation costs will be compared with the
assumption that other costs would have only marginal differences. Second, with the study locations
spanning across the entire United States, an average cost of excavation was used for each location.
This average cost was calculated by utilizing the cost per cubic yard of excavation as reported by
ten states’ Department of Transportation. The 2022 bid data for the following states 2022 were
used: Alabama, Arkansas, Colorado, Louisiana, Massachusetts, Michigan, Minnesota, Nebraska,
Ohio, and Wyoming. The resulting average bid per cubic yard was $26.08 ($34.11 per cubic meter)

While the average cost per cubic yard for each basin was calculated, several costs were
omitted for the purpose of this study. Specifically, there would be additional costs for each design
for the forebay, baffles, chemical additions, outlet structures, skimmer device, and maintenance
costs. Typically, maintenance is required to remove settled sediment once it occupies one third to
one half of the stormwater storage volume (IECA 2021). Thus, basin design impacts the

maintenance costs as well as the required frequency of maintenance as well as the subsequent
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disruptions to construction during maintenance. Overall, many factors impact the total cost of

sediment basins and should be considered in both their design and across their lifespan.

6.12 Conclusion

This section highlighted the methodology that was used to evaluate the long-term
performance of various sediment basin designs. This study sought to determine the optimal size of
sediment basins (specifically for the live storage zone) across the United States. To do so, several
steps were taken for each study location. First, sediment basins were designed and sized for six
sizing methods at all 150 study locations using the SCS CN method and several standard design
requirements. Then, the USEPA SWMM was used to run long-term simulations (using long-term
local precipitation and air temperature data) for each of the six designs at all 150 locations
(resulting in 900 original simulations). From these simulations, the performance of each basin
design was analyzed by comparing the time-weighted mean percentage of live storage volume
utilized and the mean percentage of inflow volume that overflow through the emergency spillway.

The results of the original simulations were then used to determine the optimal design basin
at each location following the key steps identified by Guo and Urbonas (1996). This study
compared the results of determining the optimal basin volume through three distinct methods
(Method 1-A, Method 1-B, and Method 2). Method 1-A and Method 1-B utilized data points from
all locations in the analysis, resulting in one optimal normalized storage volume and one optimal
capture rate. The only difference between Method 1-A and Method 1-B was the maximized storage
volume. Method 1-A used the brim-full volume of the sediment basin sized to the local 99"
percentile storm using the SCS CN method. Method 1-B used the total runoff volume from the

local 99" percentile storm using the rational method with a watershed runoff coefficient of one.
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The optimal design basins from Method 2 provided the most detailed and accurate optimal
volumes for each location due to considering only data points specific to each location. Method 2
used the same maximized storage volume as Method 1-A. In addition, several extra steps were
taken for Method 2 to analyze locations that had outliers and thus provided an in-depth analysis of
these locations. The optimal designs from Method 2 were then tested and compared to current
standards.

The objective of this study was to analyze the impact of changing the sizing method for the
live storage zone of sediment basins on their long-term performance. However, several other
parameters affect the performance of sediment basins and therefore were analyzed through case
studies. These case studies analyzed the impacts of the soil type in the basin, the CN, and the
dewatering time. Overall, this study analyzed the performance of various sizing methods for
sediment basins by using the USEPA SWMM to run long-term simulations across 150 study
locations. Using these results, optimal basins were designed for each location. Finally, the impact

of other parameters on basin performance were analyzed through case studies.
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Chapter 7: Results and Discussion of Sediment Basin Long-term Performance

7.1 Dataset Summary

Ultimately, the dataset encompasses several parameters that were kept the same across each
location including the CN, soil infiltration rate in the basin, 10-year, 24-hour precipitation depth
for the emergency spillway, and Manning’s roughness coefficient for sheet flow. Similarly, the
long-term analysis for each location utilized historical air temperature data for evaporation and
hourly non-zero precipitation for calculating runoff. The control basin sized to the 2-year, 24-hour
precipitation depth as well as the sediment basins sized to the 85", 90", and 95" percentile
precipitation depths utilized individual data points that differed for each location. After the initial
six basins were designed and simulations were run, the optimal size basins were designed and then
long-term simulations in SWMM were run. A final summary of the results of the SWMM analysis
for each sediment basin design is summarized in Table 7-1 and Figure 7-1. Note that the inclusion
of the Optimal Design basin in this section shows an analysis of the Optimal Design basins from
Method 2 (the final recommended optimal basins) that were developed using location specific data

points.
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Table 7-1: Summary of Results

Average Percent of

Percent of Inflow

Sediment Basin Live Storage VVolume Standard Volume that Standard
Design orag Deviation | Overflows Through | Deviation
Utilized (%) .
Spillway (%0)
2-yr, 24-h 25.6 8.8 9.5 10.6
3,600 ft3 per acre
(250 m® per ha) 32.6 12.2 18.1 14.1
1,800 ft per acre
(125 m® per ha) 42.8 10.9 36.1 18.9
85" Percentile 545 7.7 73.9 12.1
90™ Percentile 50.8 7.5 61.2 14.1
95" Percentile 45.2 7.0 41.3 13.9
Optimal Design 40.8 4.1 297 6.8

(Method 2)
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Figure 7-1: SWMM Results Summary
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As shown in Figure 7-1, Standard 1 and Standard 2 both have a lower percentage of live
storage volume utilized when compared to the four VSFs as well as to the Optimal Design. This
means that these standard basins may be oversized which can waste resources, land, and time on

construction sites.

7.2 Design Live Storage Volumes

There was a wide range of live storage volumes for each of the basin designs, as seen in
Figure 7-2. The 3,600 ft® per acre (250 m? per ha) and 1,800 ft* per acre (125 m*® per ha) are omitted

from this figure because every location has the same design volume.
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Figure 7-2: Design Live Storage Volumes

As seen in Figure 7-2, the 2-yr, 24-h basin design has both a much larger average live
storage volume as well as a larger range of volumes when compared to the other designs. Thus, to

further analyze the volume distributions of the other designs, Figure 7-3 was created.
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Figure 7-3: Design Live Storage Volume Excluding 2-yr, 24-h

In these figures, the order of standard deviation for the live storage volume of each
sediment basin design, from smallest to largest can be seen as 85" Percentile, 90" Percentile, 95t
Percentile, Optimal Design (Method 2), and 2-yr, 24-h. This means that the 85" Percentile basin
design has the smallest range of values across the 150 locations while the 2-yr, 24-h basin design
has the largest range.

As mentioned above, the 2-yr, 24-h basin design has some of the largest design volumes
seen in this study; however, this design basin is a current standard for the USEPA CGP. To analyze
the variations in the basin design volume for two of the highest performing proposed designs, the
95" Percentile and Optimal Design basins, a scatter plot was created. This plot, as seen in Figure
7-4, compares the 95" Percentile design to the 2-yr, 24-h design on the x-axis, and offers the same

comparison between the Optimal Design basin and the 2-yr, 24-h design on the y-axis. The
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comparison was undergone through dividing the proposed design live storage volume by the 2-yr,

24-h basin live storage volume for each of the 150 locations.
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Figure 7-4: Design Volumes Compared to Standard 1

In this scatter plot, values closer to zero indicate design volumes much lower than that of
the 2-yr, 24-h design; values closer to one indicate design volumes similar to that of the 2-yr, 24-
h design; and, values greater than one indicate design volumes greater than that of the 2-yr, 24-h
design. Many of the data points lie at less than one for the Optimal Design Axis, and between 0.20
and 0.40 for the y-axis. This means that many of the proposed designs are smaller than those of
the 2-yr, 24-h design while still performing well in the long run.

While many of the data points lie at less than one for the Optimal Design Axis, there are
several outliers. While there are several potential reasons for such outliers, including that the
Optimal Design volume was calculated using only ten data points for each location, a major cause
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are extreme storm events that were experienced at several locations with low 2-yr, 24-h
precipitation depths.

Specifically, the outlier with a y-axis value of 1.70 is for the study done in Central, AK
which has a 2-yr, 24-h precipitation depth of just 0.981 in. (2.49 cm). From the SWMM analysis,
it was found that the basin designed to this 2-yr, 24-h depth was only able to capture 52% of the
total inflow volume of runoff to the basin (which corresponds to 48% of the inflow volume
overflowing through the emergency spillway). However, when the results were analyzed further,
it was observed that 51.6% of the total inflow volume of runoff to the basin occurred over the span
of just five days (out of 4,767 days). This extreme event led to inflows to each basin that were
much higher than typically experienced in the area and ultimately led to a lower capture rate for
the 2-yr, 24-h basin design. If this event was removed from the analysis, the optimal design VSF
would likely be much lower. Overall, there are many reasons for the outliers that may be further

analyzed at such locations.

7.3  Mean Percent of Live Storage Volume Utilized

After calculating the average percent of live storage volume utilized for every event
resulting in a basin volume greater than the dead storage volume across the entire simulation

period, Figure 7-5 was created to show the distribution of results.
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Figure 7-5: Average Percent of Live Storage Volume Utilized

Here, the figure highlights that the Standard 1 basin may be oversized due to the low
average percent of live storage volume utilized while the opposite is noted for the 85" Percentile
basin design which utilizes a high percentage of the live storage volume. Significantly, the Optimal
Design basin utilizes a similar percentage of the live storage volume when compared to Standard
2 while having results with a lower range of values as highlighted by the lower standard deviation.
Specifically, the mean percent of live storage volume utilized is 32.6 and 40.8 percent for the
Standard 2 basin and the Optimal Design (Method 2) Basin, respectively, with corresponding

standard deviations of 12.2 and 4.1.
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7.4 Mean Percent of Inflow Volume that Overflows

After calculating the percentage of total inflow volume that overflows through the

emergency spillway, Figure 7-6 was created to show the distribution of results.
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Figure 7-6: Percent of Inflow that Overflows Through Spillway

From this figure, the extremely low levels of overflow can be seen for Standard 1,
indicating the potential oversizing of sediment basins when using this standard. While it is essential
to protect both downstream communities and waterbodies, adequate sizing is essential to enhance
the basin’s performance while optimizing the costs associated with the sediment basin including
installation, maintenance, and site disruptions.

While the Optimal Design (Method 2) sediment basin has an average percentage of

overflow larger than that of Standard 1 and Standard 2, it also has a lower standard deviation. This
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means that the Optimal Design Basin, on average, experiences less variation in the percentage of

overflow indicating that this basin may perform more reliably.

7.5  Optimal Design Basin — Method 1

Using the methods described in Guo and Urbonas (1996), an optimal capture ratio was
found and used to calculate the optimal volume and design the Optimal Design Basin used in this
study. After each of the data points were plotted, six for each location, a curve was created based
on the calculation method for the maximized volume (Pn), detailed in Chapter Six. In these figures,
the best fit curve, as seen in yellow, highlights the relationship between the capture rate and the
basin size. This normalized curve shows that the capture rate of runoff volume by the basin
increases as the basin size increases, until a certain point is met. Once this point is met, the basin
experiences diminishing returns as the basin size increases. This point, known as the optimal point,
occurs when the slope of the curve equals one, or when it is tangent to the 1:1 line which is shown
in green. The optimal points are shown below in orange.

The results for Method 1-A which used the SCS CN method to calculate P based on the
local 99™ percentile depth are shown in Figure 7-7. Here, an optimal capture rate of 0.63 is
observed at an optimal normalized volume of 0.45. This corresponded to an average optimal design
VSF of 2,457 ft3 per acre (117.9 m® per ha) with optimal VVSFs ranging from 124 to 6,783 ft3 per
acre (8.7 to 474.6 m® per ha). The results from Method 1-A are more consistent with the other data
as the design calculations for the 99" percentile basin were the same as other basins. It should be
mentioned that, in Figure 7-7, 194 data points with Pnp > 1.0 are not shown (the maximum Py, has
a value of 13.96), and Pnp was normalized by 150 P determined from the 99™ percentile rainfall

at 150 locations.
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Figure 7-7: Optimal Design Method 1-A Results

The results for Method 1-B are shown in Figure 7-8 where an optimal capture rate and
optimal normalized volume of 0.85 and 0.41 were observed. This means that the optimal
percentage of runoff volume that should be captured by a basin is 85%. Significantly, the optimal
ratio found in this study corresponds to the optimal range of 85 to 88 percent in the study done by
Guo and Urbonas (1996). Using the optimal capture rate and the corresponding x-value (0.41), the
optimal basin was designed for each location and a VSF was calculated. While each location had
its own optimal VSF, with VSFs ranging from about 937 to 7,695 ft* per acre (65.6 to 538.4 m®
per ha), the average optimal VSF found at each location was 3,419 ft> per acre (239.2 m? per ha).
Figure 7-8 does not include 40 data points with Pnp > 1.0 (maximum Pyp is 1.84) when the runoff

coefficient C = 1 was used to determine Pn.
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Figure 7-8: Optimal Design Method 1-B

To determine where the optimal point occurs, the equation of the curve can be used. First,
the derivative of the equation was taken and then used to determine the point at which the
derivative was equal to one. This x-value can then be used in the equation of the curve to calculate
the optimal capture ratio.

The x-value of the optimal point, equal to the combined dead and live storage volume (Py)
divided by the runoff volume from the local 99" percentile storm (Pm). Since Pm is known for each
location (varies for Method 1-A and 1-B), this was used alongside the optimal x-value to calculate
the volume of the optimal basin and then design the basin using the same design standards used

for the other basins.
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7.5.1 Location Specific Optimal Design Analysis (Method 2)

For this method, the results from Method 2-B alongside the additional case studies for the
locations with potential outliers were utilized. The results of this analysis are the final
recommended optimal basin designs for each location.

Substantially, 65 of the 150 optimal basin designs have a VSF of less than 1,800 ft* runoff
per acre (125 m2 per ha) while 55 have a VVSF between 1,800 ft* and 3,600 ft3 runoff per acre (125
and 250 m® per ha), and just 30 have a VSF greater than 3,600 ft> runoff per acre (250 m? per ha).
Of the 65 locations with optimal VSFs less than 1,800 ft® runoff per acre (125 m?® per ha), 51 have
an average annual precipitation of less than the national average of 31.58 inches (80.21 cm) (NCEI
2024), with the average difference from the national average being -53%. Interestingly, the 30
locations with an optimal VSF greater than 3,600 ft* runoff per acre (250 m?® per ha) all had annual
precipitation depths greater than the national average with these locations having an average
difference of 78% from the national average. The distribution of the recommended Optimal Design

VSFs (from Method 2-B) can be seen in Figure 7-9 below.
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Figure 7-9: The box-and-whisker plot of Optimal Design VSFs
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Within the contiguous United States, the selected Optimal Design VSFs range from 473 to
7,081 ft2 runoff per acre (33.1 to 495.5 m? per ha) with 25, 50, and 75 percent of the VSFs being
below about 1,423; 2,093; and, 3,289 ft runoff per acre (99.6, 146.5, and 230.1 m?® per ha),
respectively. This means that most (at least 75 percent) of the optimal VSFs are smaller than the
USEPA standard of 3,600 ft> runoff per acre (250 m? per ha).

In addition, 144 of the 150 locations (136 of the 140 contiguous U.S. locations) had optimal
VSFs that were smaller than the corresponding VSF of the 2-yr, 24-h design basin. This further
emphasizes that the 2-yr, 24-h design standard may be oversized for many locations and thus

required unnecessary costs and maintenance needs.

7.5.2 Isometric Map

To analyze how this optimal VVSF varies across the country, an isometric map was created
using ArcGIS. To create this map, a csv file was created listing the coordinates of each study
location and the corresponding optimal VVSF. This file was then inputted into a map in ArcGIS and
a Kriging interpolation was run resulting in a raster map. This raster map was then used to create
surface contours at specified intervals. The intervals chosen were 500 ft3 per acre (35 m® per ha),
thus resulting in contour lines indicating the appropriate Optimal Design VSF to use across the
contiguous United States. The resulting raster as well as the smooth contour lines can be seen in

Figure 7-10 below.
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Figure 7-10: Optimal VSF Contour Map
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Overall, the Pacific Northwest has the highest optimal VVSFs followed by the Southeast and

the Northeast. Optimal VSFs, in general, appear to be higher in areas receiving higher levels of

annual precipitation. The results of this map show this expected trend, emphasizing the need for

adequate sizing of stormwater practices such as sediment basins to ensure adequate protection of

downstream waterbodies and communities.

7.6 Sediment Basin Short-Term Performance

To ensure the adequate protection of waterbodies and communities, many jurisdictions

require stormwater practices such as sediment basins to handle the local 2-yr, 24-h rainfall event.

To ensure the proposed Optimal Design basin adequately handles this event, short-term
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simulations were run across the same three locations used in the case study analysis. Each location

used its distinct time series data corresponding to its 2-yr, 24-h event. From this analysis, Figure

7-11 was developed.
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Figure 7-11: Short-Term Simulation Sediment Basin Performance

Here, results indicate that the 2-yr, 24-h sediment basin design may be oversized due to a
low mean percentage of live storage volume utilized and zero overflow through the emergency
spillway for each of the tested locations. In addition, the performance of the Optimal Design
(Method 2) basin indicates that this basin may out-perform the 3,600 ft per acre (250 m? per ha)
due to a higher mean percentage of live storage volume utilized and a lower percentage of inflow
that overflows through the emergency spillway. Specifically, for the 3,600 ft2 per acre (250 m® per
ha) and the Optimal Design (Method 2) basin, the mean percent of live storage volume utilized
was 54.6 and 55.8 percent while the mean percent of inflow volume that overflows was 42.3 and

28.6 percent, respectively.
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7.7 Analysis of Effects of Various Parameters

This study sought to analyze the effects of changing the volumetric sizing of sediment
basins. Thus, several parameters were held constant so results could be compared across the
country. However, these constant parameters could affect the performance of a basin in each

location. Therefore, several case studies were conducted to investigate these potential impacts.

7.7.1 The Impact of Dewatering Time

To assess the impact of a changing dewatering time, long-term simulations were run for
the three distinct basins listed above using four additional dewatering times compared to the
original dewatering time of 72 hours. The four additional dewatering times used include 6-h, 24-
h, 48-h, and 120-h. Results of these case study simulations are shown in Figure 7-12 and Figure

7-13 below.
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Figure 7-12: Impact of Dewatering Time on Spillway Overflow
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Figure 7-13: Impact of Dewatering Time on Live Storage Utilized

Changing the required dewatering time directly impacts the performance of a basin through
changing the discharge rate of the floating surface skimmer, as seen in Figure 7-14 below. When
compared to the skimmer discharge rate of the original 72-h dewatering time, the 6-, 24-, 48-, and
120-hour dewatering time case studies experienced a 1,100%, 200%, 50%, and -40% change in

discharge rates, respectively.
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Figure 7-14: Skimmer Discharge vs. Dewatering Time

Results of these case studies indicate that as dewatering time increases, the percent of live
storage volume utilized, as well as the percent of inflow volume that overflows through the
emergency spillway, increase. Thus, ensuring the proper dewatering time is achieved through the
floating surface skimmer is essential for the overall performance of the basin as too high of a

dewatering time can lead to detrimental effects to downstream communities and waterbodies.

7.7.2 The Impact of Sediment Basin Soil Type

This study analyzed the performance of sediment basins based on changes to the volumetric
design of the live storage component. To assume a worst-case scenario of little infiltration in the
basin, the slow infiltration rate of clay soils was used. However, soil types vary geographically
and can impact the performance of sediment basins based on the quantity of water infiltrated. Thus,

a case study was performed to determine how different soil types impact basin performance.
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Results of this case study can be seen in Figure 7-15 and Figure 7-16, where the average result of

the three locations is shown for each basin design.
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Figure 7-15: Impact of Soil Type on Spillway Overflow

As expected, as the infiltration rate increased, a decrease in the percentage of inflow
volume that overflows through the emergency spillway was observed. Specifically, clay soil had
the highest percent overflow while sand had the lowest percent overflow. These results were
expected as larger quantities of water are infiltrated into the soil for sandy soils, due to their higher

infiltration rate, thus resulting in less potential overflow.
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Figure 7-16: Impact of Soil Type on Live Storage Utilized

Here, no major trends were observed in the impact of soil infiltration rate on live storage
volume utilized. However, both the 2-yr, 24-h and the Optimal Design Basin experienced a lower
percentage of live storage volume utilized for clay versus loam and for loam versus sand. The
lower percentage of live storage volume utilized for loam versus sand is expected due to more
water infiltrating the soil due to the higher infiltration rate of sand thus resulting in less water in
the basin. The higher percentage of live storage volume utilized for loam versus clay was
unexpected; however, a possible explanation is that the basins with clay soil overflowed more
water through the emergency spillway than the loam basins, thus holding less water in the basin.
This means that while the loam basins, on average, utilized a higher percentage of the live storage
volume despite having a lower infiltration rate, they also overflowed a lower volume of water
through the emergency spillway. In addition, the average percent difference between the live

storage volume for basins with loam soil versus clay soil for the 2-yr, 24-h and the Optimal Design
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basin was 14 and one percent, respectively, indicating small differences in the live storage volume

utilized.

7.7.3 The Impact of Curve Number

This study utilized the SCS Curve Number Method for calculating runoff. Thus, the CN
directly impacts the required live storage volume and thus the design requirements of the entire
sediment basin. The SCS CN depends on both the Hydrologic Soil Group and the cover type. The
four Hydrologic Soil Groups are A, B, C, and D where Group A typically has the smallest runoff
potential and highest infiltration rate while Group D typically has the largest runoff potential rate
and lowest infiltration. In general, CN increases from Hydrologic Soil Group A to D. For this
study, the CN used was that of Hydrologic Soil Group B to assume a moderate level of infiltration
while the cover type used was for newly graded areas.

For this study, the CN was held constant to ensure that observations made were solely a
result of changing the initial design precipitation depth (i.e. 2-yr, 24-h and percentile depths). To
analyze the potential impacts of varying Hydrologic Soil Groups, a case study was conducted on
the 2-yr, 24-h basin design across three locations and the average of the results are shown in Figure
7-17 and Figure 7-18 below. For the case study the CN used for Hydrologic Soil Group A through

D for newly graded areas was 77, 86, 91, and 94, respectively.
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Figure 7-17: Impacts of Curve Number on Spillway Overflow

Here, a decrease in overflow is observed as the CN increases. Similarly, a decrease in live
storage volume utilized is seen as the CN increases. This means that in these simulations, basins
with lower infiltration, or those with Hydrologic Soil Group D, experienced less overflow and

utilized less of the live storage zone when compared to basins with higher infiltration, or that of

Hydrologic Soil Group A.
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Figure 7-18: Impact of Curve Number on Live Storage Utilized

While the results of Figure 7-17 and Figure 7-18 were initially unexpected, there is an

explanation for these results, seen in Figure 7-19 below.
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Figure 7-19: Impact of Curve Number on Live Storage Design Volume
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Here, it is seen that as the CN increases, the design live storage volume also increases. This
means that while the basins with higher infiltration rates experienced more overflow and utilized
less of the live storage volume, they were also smaller basins. To further analyze the impacts of
these basins being smaller, the time-weighted average live storage as well as the total inflow
volume to the basin were compared for each CN. The results of these comparisons can be seen in

Figure 7-20 and Figure 7-21.
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Figure 7-20: Time-weighted Average Live Storage Volume by CN
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Figure 7-21: Total Inflow Volume by CN

These figures show that the time-weighted average live storage volume and the total inflow
volume to the basin increase as the CN increases. This means that basins with a higher infiltration
rate, on average, held less water in the basin throughout the simulation period and also received
less water due to more water being infiltrated. These figures explain the previous results and
highlight the differences in these basins as the CN increases. Overall, while the higher infiltration
rate basins, or those of Hydrologic Soil Group A, experienced a higher overall percentage of live
storage volume utilized and inflow volume that overflows, they also had smaller design live

storage volumes and received less inflow to the basin than those of Hydrologic Soil Group D.

7.7.4 The Impact of Watershed Runoff Coefficient on Optimal Ratio Design

For the Optimal Design Method 1-B, it was assumed that all the rainfall from the local 99™"
percentile storm would become direct runoff to ensure the basin designs were prepared to handle

the runoff from the maximum potential storm event. However, this is an unlikely scenario in
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practice due to the likely loss of this precipitation to infiltration and evaporation. Thus, a case study
was conducted to calculate the average optimal VSF of each of the 150 locations using various
watershed runoff coefficients and testing the new location specific optimal VSF at three locations.
Through this case study, the impact to the optimal VSF when the watershed runoff coefficient is
0.50 and 0.75 were compared to the original results when the watershed runoff coefficient was
equal to 1. Results when the watershed runoff coefficient was 0.25 resulted in a negative optimal
ratio and thus results were omitted. The average optimal VSF by watershed runoff coefficient can
be seen in Table 7-2 below.

Table 7-2: Watershed Runoff Coefficient and Optimal VSF

Watershed Runoff Average Optimal VSF (ft® per | Optimal Capture Ratio
Coefficient (C) acre) (%)
0.50 1,829 0.56
0.75 2,842 0.77
1.0 3,412 0.85

*Note 14.3 ft3 per acre equals 1 m® per ha

Here, a trend of increasing average optimal VVSF is seen as the watershed runoff coefficient
increases. These results are expected because as the watershed runoff coefficient increases, the
more runoff there is to be managed. To further analyze the effectiveness of the optimal designs
with the various runoff coefficients, long-term simulations were run for three locations and the

results can be seen in Figure 7-22 below.
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Figure 7-22: Impact Watershed Runoff Coefficient on Basin Performance

The performance of the optimal basin design varies with the watershed runoff coefficient,
with the highest runoff coefficient having the overall best performance. These results are expected
as the higher runoff coefficient results in a larger basin design and thus ensures adequate waterbody

protection.

7.8  Statistical Analysis of the Results

This study will compare the mean percent of live storage volume utilized for each proposed
VSF to each standard sediment basin. In addition, this study will compare the mean percent of
inflow volume that overflows through the emergency spillway for each of the proposed VSFs and
the Optimal Design (Method 1-B) to each standard sediment basin. These comparisons will be

achieved by analyzing the difference of the paired, two-mean hypothesis test data set using a 90%
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confidence level. It should be noted that the optimal design basins compared in this analysis are

not the final recommended optimal design basins from Method 2-B.

7.8.1 Statistical Analysis of the Mean Percent of Live Storage Volume Utilized

The first two comparisons focus on comparing the mean percent of live storage volume
utilized for the four VSFs to either (1) the standard 2-yr, 24-hr design sediment basin or (2) the
standard 3,600 ft2 per acre (250 m?® per ha) design sediment basin. The mean percent of live storage
volume utilized for the four VSFs and Optimal Design (Method 2) is 42.8, 54.5, 50.8, 45.2, and
40.8 percent, respectively. The mean percent of live storage volume utilized for the standard
sediment basins are (1) 25.6 percent and (2) 32.6 percent.

The first comparison focuses on the average percentage of live storage volume utilized for
the four VSFs and the Optimal Design (Method 2) to Standard 1. A two-sample paired t-test
showed that the mean difference between all four VSF and the Optimal Design (Method 2)
sediment basins and Standard 1 was statistically significant at 90% confidence level (p-value of
<0.001 for every difference). This means that all four VSFs and the Optimal Design utilize a higher
mean percentage of live storage volume than Standard 1.

The second comparison focuses on the average percent of live storage volume utilized for
the 4 VSFs and the Optimal Design (Method 2) to Standard 2. A two-sample paired t-test showed
that the mean difference between all four VSF sediment basins and Standard 2 was statistically
significant at 90% confidence level (p-value of <0.001 for every difference). This means that all
four VSF and the Optimal Design (Method 2) sediment basin designs utilize a higher mean

percentage of live storage volume than Standard 2.
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7.8.2 Statistical Analysis of the Mean Percent of Inflow Volume that Overflows

The third and fourth comparisons focus on comparing the mean percent of the inflow
volume that overflows for the four VSFs and the Optimal Design (Method 2) to either Standard 1
or Standard 2. The mean percent of the inflow volume that overflows for the four VSFs and the
Optimal Design (Method 2) is 36.1, 73.9, 61.2, 41.3, and 29.7 percent, respectively. The mean
percent of the inflow volume that overflows for the standard sediment basins is 9.5 and 18.1
percent, respectively.

The third comparison focuses on the percentage of the inflow volume that overflows for
the four VVSFs to Standard 1. A two-sample paired t-test showed that the mean differences, within
50%, between VSF 1, VSF 4, and the Optimal Design (Method 2) sediment basin designs and
Standard 1 were statistically significant at 90% confidence level (p-value of <0.001 for all). This
means that the VSF 1, VSF 4, and the Optimal Design sediment basins each had a mean percent
of inflow volume that overflows that was less than 50% greater than that of Standard 1.

Finally, VSF 2 and VSF 3 had a mean percentage of inflow volume that overflows more
than 50% greater than that of Standard 1. Therefore, while VSF 1, VSF 4, and the Optimal Design
basins may be potential replacements for Standard 1, further analysis should be done to ensure the
amount of overflow is safe for downstream communities.

The fourth comparison focuses on the percentage of the inflow volume that overflows for
the 4 VSFs and the Optimal Design to Standard 2. A two-sample paired t-test showed that only the
mean differences, within 50%, between VSF 1, VSF 3, VSF 4, and Optimal Design (Method 2)
basin to Standard 2 were statistically significant at 90% (p-value of <0.001 for all). This means
that the VSF 1, VSF 3, VSF 4, and the Optimal Design sediment basins each had a mean percent

of inflow volume that overflows that was less than 50% greater than that of Standard 2. Finally,
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VSF 2 had a mean percentage of inflow volume that overflows more than 50% greater than that of
Standard 2. Therefore, further analysis should be done to ensure the amount of overflow is safe for
downstream communities, specifically for the 1,800 ft3 per acre (125 m® per ha) (VSF 1), the 90th
percentile storm (VSF 3), the 95th percentile storm (VSF 4), and the Optimal Design sediment

basins.

7.8.3 Statistical Analysis Summary and Conclusions

A summary of the analysis results for both the mean percent of live storage volume utilized
and the mean percent of overflow can be seen in Table 7-3 and Table 7-4.

Table 7-3: Live Storage Volume Utilized Statistical Analysis

Percent of Live Storage Volume Utilized
VSF1 VSF2 VSF3 VSF4 Optimal Design (Method 2)
Mean
Difference 172 289 252 19.6 152
(d=VSF, -
SE(mean -
Compared to difference) 14 10 08 08 07
Standard 1 Std]l}er of mean 173 124 114 102 92
difference
o 122 28.6 27.0 234 203
p-value 0.001 0.001 0.001 0.001 0.001
p-value < alpha? | Vs - Statistically Significant Ves - Statistically Significant Yes - Statistically Sienificant Yes - Statistically Significant Vs - Statistically Siznificant
Mean
Difference 102 219 18.2 12.6 83
(d=V'5F, -
SE{mean
Compared to difference) 03 12 0e 12 10
Standard 2 Sld]l}er of mean 42 142 114 148 117
difference
o 30.0 1%.0 19.5 104 87
p-value 0.001 0.001 0.001 0.001 0.001
p-value < alpha?| Vas - Statistically Siznificant Ves - Statistically Siznificant Vs - Statistically Sienificant  Ves - Statistically Sisnificant Yes - Statistically Siznificant
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Table 7-4: Overflow Through Spillway Statistical Analysis

Percent of Inflow Volume That Overflows Through Emergency Spillway
VSF 1 VSF2 VSF 3 VSF 4 Optimal Design (Method X)
Mean
Difference 26.6 544 517 318 2025
(d=VSE, -
SE(mean
Compared to difference) 21 0% 0% 08 038
Standard 1| 5td Dev of mean 232 10.5 111 10.3 10.81
difference
te -114 16.7 18 216 -33.71
p-value 0.001 t-cale is positive t-cale is positive 0.001 0.001
p-value =< alpha? | Vss - Statistically Sisnificant No No Yes - Statisticallv Siznificant | Ves - Statisticallv Siznificant
Mean
Difference 18.0 358 431 232 11.62
(d=VSE, -
SE(mean -
Compared to difference) 03 12 20 1 L33
Standard 2 Stdll}er of mean 64 231 245 13 6 1624
difference
e -50.5 31 3.5 -13.8 -28.94
p-value 0.001 t-cale is positive 0.001 0.001 0.001
p-value < alpha?| Vas - Statistically Siznificant No Ves - Statistically Significant Yes - Statistically Siznificant | Ves - Btatistically Siznificant

7.9  Cost Analysis Results

To compare the installation cost for each sediment basin design, an average bid price was
calculated and used. From this average bid price, the cost per acre of drainage area of each
sediment basin design was calculated and the average was taken for each sediment basin design as
well as the average optimal design as seen in Table 7-5.

Table 7-5: Live Storage Zone Average Excavation Cost

Basin Design Average Cost Per Acre ($/ac.)
2-yr, 24-h $6,661
3,600 ft3 per acre $3,480
1,800 ft3 per acre $1,792
85" Percentile $706
90™ Percentile $1,139
95" Percentile $2,042
ontm Ol
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7.10 Conclusions

This study analyzed the performance of various sediment basin sizing methods through
long-term simulations run with the USEPA SWMM. The simulations highlighted that the 2-yr, 24-
h standard basin design may be oversized for many locations. The 2-yr, 24-h basins experienced
the lowest mean percentage of live storage volume utilized when compared to the other tested
basins. In addition, the 2-yr, 24-h basins experienced the lowest mean percentage of inflow volume
that overflows through the emergency spilly, further highlighting that these basins may be
oversized.

From this study, the optimal size of sediment basins across the country was determined.
These basins were then tested using a long-term SWMM analysis. Results indicated that these
basins perform more reliably than the other basins tested due to the lower standard deviation.
Therefore, these basins may offer a promising replacement to current standards while also having
predictable results.

There are two major conclusions resulting from this study and the statistical analysis. First,
the Optimal Design sediment basins offer a promising replacement to the standard designs (2-yr,
24-h and 3,600 ft® runoff per acre (250 m? per ha) drained). Second, further testing and analysis
are required to ensure that a sufficient amount of live storage volume is utilized while ensuring

that overflow from the basin is not detrimental to downstream communities.
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Chapter 8: Conclusions

8.1 Introduction

This thesis described two distinct projects with a goal of improving water quality through
enhanced technology transfer and training and through optimizing the volumetric sizing method
of sediment basins. Through these projects, several new outreach efforts have been developed to
be utilized by stormwater professionals and communities across the country. In addition, potential
new volumetric methods for sediment basins on construction sites were developed and analyzed
through long term analyses.

As stormwater infrastructure continues to be a major concern for the United States and
Alabama specifically, these projects offer important recommendations to protect the precious
waterbodies in the state. Similarly, climate change continues to offer further challenges in both
water quality as well as challenges faced by rural communities. Thus, adequate and efficient
stormwater management practices are essential to protect these communities and the environment,
and communicating these practices to stormwater professionals and communities is essential for

their successful implementation.

8.2  Research Approaches

The objective of this work was to determine which of the five VSFs and the Optimal Design
statistically met or exceeded operational thresholds set by two standard basin designs. These
thresholds were characterized as (a) the mean percent of live storage volume utilized in each VSF
and the Optimal Design and (b) the mean percentage of inflow volumes that overflow through the

emergency spillway of each VSF. The two standard basin designs used as benchmarks were (1)
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the 2-yr, 24-h design sediment basin and (2) the 3,600 ft* runoff per acre drained (250 m? per ha)
sediment basin.

All VSF comparisons used data from 150 study locations and applied a volumetric sizing
factor (VSF) of 1,800 ft2 runoff per acre (125 m® per ha) and the Optimal Design VSF and used
the runoff volume calculated from the local 85, 90", and 95" percentile storms. Specifically, this
paper determined:

1. Which of the five VSFs and Optimal Design utilize statistically more of the live storage
volume, on average, than the two standard basin designs, and

2. Which of the five VSFs and Optimal have a percentage of inflow volume that overflows
from the sediment basin statistically within 50% more of the two standard basin designs,

on average.

Specifically, this work utilized Excel to design and size sediment basins across 150
locations for each of the six sizing methods as well as the standard sizing methods using various
accepted and common sizing techniques. After each sediment basin was designed, SWMM was
used to run long-term simulations using historical precipitation and temperature data from each
location. Results from these simulations allowed for the calculation of the average live storage
volume utilized by the various basin designs as well as the volume of overflow through the
emergency spillway. Using the SWMM data from the initial basin designs, the Optimal Design

basin was developed and resulted in a distinct optimal VVSF for each location.

8.3 Key Findings

Ultimately, the best methods for enhancing technology transfer and training vary by

location and the specific needs of the community. However, involving these communities in
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deciding how to implement new technology proves successful. In addition, engaging directly with
these communities through attending community events and meetings offers one of the most
effective ways to learn the specific needs of the community. Through the state-of-the-practice
survey, the major needs of stormwater professionals in the rural Black Belt counties in Alabama
were determined and addressed in several training events and technical resources. Key problems
include communication, the first pillar of stormwater management, and maintenance needs.
Addressing the specific challenges faced by stormwater professionals in the service area was
essential in successful technology transfer as their needs vary greatly compared to urban
communities that have more resources and training opportunities.

Overall, current regulations for sizing sediment basins rely on rules of thumb and lack
scientific justification. This results in potentially mis-sized basins which have many possible
consequences. Oversized sediment basins result in unnecessary land use, installation and
maintenance costs, and time disruptions from installation and maintenance. Undersized basins can
harm downstream waterbodies and communities through potential flooding resulting from basin
overflow. A scientific analysis on the performance of various sediment basin designs was
conducted across 150 locations in the United States. Results indicate that the Optimal Design VSF
offers a promising replacement to current standards. The recommended Optimal Design VSFs
come from Method 2 and result in an average of 2,569 ft* runoff per acre (179.8 m® per ha) across
the 150 locations, with Optimal Design VSFs ranging from 170 to 9,343 ft® runoff per acre (11.9
to 653.8 m2 per ha).

On average, when compared to the 2-yr, 24-h design sediment basin and the 3,600 ft3 runoff
per acre drained (250 m? per ha) sediment basin, the Optimal Design (Method 2) basins resulted

in a 45.8 and 22.3 percent increase in the time-weighted mean percent of live storage volume
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utilized. This means that the Optimal Design basins use sufficient fractions of the live storage
volume zone, thus justifying the design size of such zone. Additionally, the Optimal Design basin
experiences a 103.6 and 48.5 percent increase in the mean percentage of the total inflow volume
to the basin that overflow through the emergency spillway compared to the 2-yr, 24-h basin design
and the 3,600 ft® runoff per acre drained (250 m? per ha) sediment basin. Despite the significant
percent increase in overflow this Optimal Design basin experiences, these basins perform more
reliably and have significantly lower standard deviations. In addition, the study found that once a
certain basin size is met, there continues to be diminishing returns of the capture rate of runoff,
thus justifying the optimal size basins that are smaller than current standards. Also, this amount of
overflow through the spillway is experienced across the entire simulation period and would likely
be lower in practice due to several assumptions made in this study. First, the sediment basin was
assumed to have a very slow infiltration rate and used that of clay soil for every location. In
practice, this would vary widely across geographic regions. Next, the SWMM design did not
include a forebay or outlet structure; thus, the stormwater management benefits provided by such
structures are not considered and would likely decrease the volume of overflow experienced by
the basin.

Overall, the Optimal Design basins, on average, perform well compared to the design
standards and offer a promising replacement to such standards. In addition, these basins
experienced much more similar results for each comparison (live storage and overflow percentage)
thus suggesting that these basins are more reliable. Specifically, these basins experienced a
standard deviation for the percentage of live storage utilized and percentage of inflow volume that
overflows through the spillway that were lower than that of both standard designs. Future testing

should analyze the performance of the recommended basins. Ultimately, the Optimal Basin
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designs perform more reliably and potentially more efficiently than current design standards, and

large-scale testing should be done to further prove these results.

8.4 Limitations

Several limitations were experienced and acknowledged while completing these projects
and should be considered when utilizing data and insights discussed in this thesis.

While this study offers suggestions for sizing sediment basins as well as the use of this
study by other researchers, there are a few limitations to this work. First, several assumptions were
made so that comparisons could be made across each location. These assumptions include, but are
not limited to, a consistent CN, infiltration rate, and drainage area slope. In addition, a forebay was
excluded from the study because an analysis of the performance of the sediment basin itself was
done. The addition of a forebay would result in decreased volumes of water entering the sediment
basin due to the impoundment and infiltration that would be provided by the forebay. Similarly,
an outlet structure such as riprap was not included in this SWMM design. The presence of an outlet
structure may result in further management of stormwater runoff from the construction site and
limit any potential effects of the basin’s discharge. Finally, the precipitation and temperature data
used limited the simulation period based on the data available on the USEPA’s National
Stormwater Calculator. Future work utilizing this study may include an analysis of many more
locations, a SWMM model that includes a forebay and outlet structure, and the differentiation of
parameters (e.g. CN, infiltration rate, hydrologic soil group, and watershed runoff coefficient) that
are specific to the location being analyzed. This work may be used by jurisdictions across the
United States to offer suggestions for sizing sediment basins on construction sites as well as by
researchers who hope to provide a more in-depth analysis on the sizing of sediment basins and

how to optimize it.
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8.5 Future Work

While these projects have offered important first steps in improving technology transfer
and training and sediment basin volumetric design, there are additional steps and research that can
be done.

Current sediment basin design requirements were developed based on rules-of-thumb and
lack scientific backing. Thus, it is imperative that this research be used to offer suggestions for
new sediment basin design requirements to offer scientifically backed justifications for sizing
requirements as well as evidence that such designs are both efficient and safe for downstream
communities. In addition, this presented calculations for determining the optimal capture rate of a
sediment basin; however, this method utilized data points from 150 locations across the United
States. Further research may expand the case studies discussed in which the optimal capture rate
of a basin is determined on a case by case basis. In addition, this research may be used to provide
recommendations for full-scale testing of sediment basins for the proposed designs. While the
sediment basin design methods determined through this study offer promising replacements to
current standards, full-scale testing should be conducted to further investigate these basins’
performance as well as their water quality impacts and potential enhancements.

This study analyzed sediment basins across various states and can thus be utilized across
the United States. Therefore, this work can be used by each state’s Department of Environmental
Management to change the sizing requirements of sediment basins listed in their Construction
General Permit from regulations based on rules-of-thumb to scientifically backed regulations. In
addition, researchers across the United States may use this work as a starting point for future
research and analysis on sediment basin sizing and design. The model SWMM file may be

replicated and used to provide a similar analysis of a city or state not covered by this study.
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Appendix A — Stormwater and Litter Poster

N\ LITTER & STORMWATER
POLLUTION

ALABAMA HAS OVER

132,000

miles

of rivers and streams with over 90
species of crayfish and 450 species of
fish need our protection!

225.9 billion

M pieces of litter collect along waterways every
< year - that's 2,411 pieces a mile!

$9 million

was spent by Alabama in 2023 cleaning
< roadside litter alone! This money could
have fixed roads and bridges!

Every Piece Counts!

Waste In waterways may have

harmful chemicals that pollute
of water pollution drinking water! Fish might eat
comes from this waste which can harm
households! those that consume the fish!

a HOW CAN YOU HELP? g

+ Dispose of waste properly

Promote community initiatives
Participate in stream clean-ups
Report dumping

Educate others on the impact of litter

Learn more at stormwater.auburn.edu
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Rainfall Depth

Location Rainfall Distribution Type Annual Precipitation EPASWC Name Start Date End Date Atlas 14 Site ID  Latitude  Longitude | 2-yr, 24-hr 10-yr, 24-hr 85th 90th 95th 99th
Auburn, AL 3 53.58 Auburn No. 2 08/08/1996 @14:00 12/31/2019 @09:00 (01-0425) 32.5992 -85.4653 4.16 5.86 1.26 1.61 2.04 3.3
Las Vegas, NV 2 3.41 North Las Vegas Airport 01/02/2006 @03:00 12/27/2019 @06:00 (26-4436) 36.0833  -115.1667 1.01 1.63 0.52 0.58 0.87 1.24
Fort Lauderdale, FL 3 49.64 Fort Lauderdale Executive Airport 01/13/2006 @06:00 12/30/2019 @18:00 (08-3165) 26.0719 -80.1536 5.6 9.07 111 1.42 1.95 4.03
Mobile, AL 3 57.42 Mobile Downtown Airport 01/02/2005 @10:00 12/29/2019 @02:00 (01-5483) 30.6833 -88.0333 5.61 8.43 1.32 1.81 2.63 4.47
Ajo, AZ 2 8.35 Ajo 01/02/1990 @12:00 12/29/2019 @21:00 (02-0080) 32.3683  -112.8619 1.63 2.51 0.77 0.99 14 2.4
Erie, PA 2 38.91 Erie International / T. Ridge Field Airport 01/01/1990 @00:00 12/31/2019 @23:00 (36-2682) 42.08 -80.1825 2.56 3.71 0.74 0.9 1.13 1.72
Dallas, TX 3 35.72 Dallas/FT Worth International 01/04/2007 @00:00 12/29/2019 @13:00 (79-0018) 32.8978 -97.0189 3.94 5.87 1.2 1.57 2.13 3.88
Gasquet, CA 1A 89.09 Gasquet RS 01/01/1990 @08:00 12/31/2019 @23:00 (04-3357) 41.8453  -123.9647 6.78 10 1.8 2.2 2.72 4.18
Phoenix, AZ 2 6.98 Phoenix Sky Harbor International Airport 01/02/1990 @15:00 12/27/2019 @21:00 (02-6486) 33.4489  -112.0825 1.44 221 0.63 0.77 0.95 1.6
Beltsville, MD 2 44.59 Beltsville 01/02/2006 @14:00 12/30/2019 @15:00 (18-0700) 39.0303 -76.9314 3.2 4.92 1.01 1.3 1.7 3.03
Castle Rock, CO 2 17.73 Castle Rock 01/17/1990 @09:00 12/28/2019 @19:00 (05-1401) 39.4106  -104.9058 1.99 3.01 0.64 0.8 111 2.01
Akron, OH 2 43.06 Akron WPCS 01/02/2005 @08:00 12/31/2019 @20:00 (33-0059) 41.15 -81.5667 2.45 3.51 0.76 0.98 1.33 2.1
Kansas City, MO 2 37.28 Kansas City International Airport 01/03/1990 @ 16:00 12/29/2019 @ 02:00 (23-4358) 39.2972 -94.7306 3.55 5.31 1.09 1.33 1.86 3.13
Charleston, SC 3 50.61 Charleston AFB/International 01/01/1990 @ 05:00 12/30/2019 @09:00 (38-1544) 32.8986 -80.0403 4.16 6.36 1.23 1.44 1.93 3.47
Rapid City, SD 2 16.77 Rapid City Regional Airport 01/15/1990 @21:00 12/29/2019 @18:00 (39-6937) 44.0433  -103.0536 2.02 3.04 0.65 0.85 1.09 1.79
Sioux Falls, SD 2 26.26 Joe Foss Field Airport 01/08/1990 @15:00 12/30/2019 @12:00 (39-7667) 43.5778 -96.7539 2.64 3.83 0.88 1.13 1.55 2.63
Buffalo, MN 2 28.6 Buffalo 2NE 01/27/1990 @08:00 12/31/2019 @10:00 (21-1107) 45.1969 -93.84 2.85 4.24 0.99 1.2 16 2.8
Green Bay, WI 2 29.1 Austin Straubel International Airport 01/04/1990 @06:00 12/31/2019 @04:00 (47-3269) 44.4794 -88.1378 2.37 3.42 0.72 0.88 1.22 1.78
New Orleans, LA 3 68.82 New Orleans Audubon 01/04/1990 @14:00 12/31/2016 @22:00 (16-6664) 29.9167 -90.1303 5.49 8.43 15 1.9 2.55 4.92
Wichita, KS 2 32.11 Witchita Eisenhower National 01/03/1990 @14:00 12/29/2019 @00:00 (14-8830) 37.6553 -97.4431 3.39 4.98 1.2 1.44 1.85 2.67
Logan, UT 2 20.57 Logan Utah State University 01/02/1990 @09:00 12/30/2019 @05:00 (42-5186) 41.7456  -111.8033 1.55 217 0.6 0.7 0.9 1.3
Cairo, IL 2 46.17 Cairo 3N 01/03/1990 @13:00 12/30/2019 @15:00 (11-1166) 37.0425 -89.1856 3.77 5.27 1.2 15 1.85 3
Webster City, IA 2 35.48 Webster City 01/23/1990 @16:00 12/31/2019 @16:00 (13-8806) 42.4686 -93.7972 3.09 4.47 0.98 1.2 1.63 2.49
Burlington, VT 2 36.34 Burlington International Airport 01/01/1990 @00:00 12/31/2019 @12:00 (43-1072) 44.4833 -73.1833 2.21 3.2 0.72 0.88 1.18 1.9
Portland, ME 3 44.21 Portland International Jetport 01/06/2006 @19:00 12/31/2019 @19:00 (17-6905) 43.6497 -70.3003 3.23 5.05 0.99 1.25 1.68 3.4
Lebanon, TN 2 57.1 Lebanon 01/04/1990 @ 00:00 12/30/2019 @ 03:00 (40-5108) 36.2289 -86.3178 3.62 5.06 1.09 14 1.9 2.86
Mullan, ID 2 40.89 Mullan 01/01/1990 @ 00:00 12/30/2018 @18:00 (10-6230) 47.4661  -115.8114 2.26 3.01 0.6 0.77 1 1.77
Cheyenne, WY 2 13.65 Cheyenne Airport 01/17/1990 @16:00 12/28/2019 @18:00 (79-0018) 41.1519  -104.8061 1.69 2.61 0.56 0.68 1.02 1.68
Indianapolis, IN 2 50.44 Indianapolis Zoo 05/02/1991 @11:00 12/30/2019 @03:00 (12-4286) 39.7681 -86.1806 2.93 4.09 1.05 1.31 2.02 4.1
Paron, AR 3 57.38 Alum Fork 01/03/1990 @14:00 12/30/2019 @16:00 (03-0130) 34.7961 -92.8417 4.48 6.49 15 1.8 2.3 3.7
Gage, OK 2 19.1 Gage Airport 01/14/2007 @14:00 12/28/2019 @11:00 (34-3407) 36.2967 -99.7689 2.88 4.2 0.97 1.25 1.64 2.84
Glenwood, NM 2 15.52 Beaverhead R/S 01/02/1990 @19:00 12/28/2019 @19:00 (29-0818) 33.4167  -108.1167 1.65 2.65 0.6 0.7 0.98 1.51
Mountain Rest, SC 2 80.16 Jocassee 8 WNW 01/04/1990 @03:00 12/31/2019 @10:00 (38-4581) 34.9833 -83.0667 5.15 6.32 1.6 1.98 2.72 4.79
Pascagoula, MS 3 63.66 Pascagoula 3 NE 01/04/1990 @14:00 12/31/2019 @00:00 (22-6718) 30.3964 -88.4781 5.98 9.18 15 1.9 2.58 4.92
Jackson, NH 3 63.25 Pinkham Notch 01/01/1990 @ 01:00 12/31/2019 @12:00 (27-6818) 44.2574 -71.2538 4.11 6.25 0.94 1.2 1.67 2.9
Munford, TN 2 67.12 Munford 01/03/1990 @17:00 12/29/2019 @22:00 (40-6358) 35.4556 -89.8114 3.89 5.52 1.46 1.78 2.38 3.62
Raleigh, NC 2 43.63 Raleigh Durham International Airport 03/04/1992 @13:00 12/29/2019 @21:00 (31-7069) 35.8706 -78.7864 3.42 4.94 1 1.26 1.62 274
Flint, Ml 2 28.45 Bishop International Airport 01/02/2006 @02:00 12/30/2019 @15:00 (20-2846) 42.9667 -83.7494 2.32 3.28 0.72 0.85 1.12 1.73
Norfolk, VA 3 46.1 Norfolk International Airport 01/14/2005 @14:00 12/30/2019 @23:00 (44-6139) 36.9033 -76.1922 3.57 5.5 1.04 1.35 1.86 3.72
Teterboro, NJ 3 50.9 Teterboro Airport 01/02/2006 @14:00 12/31/2019 @21:00 (28-4931) 40.8667 -74.0833 3.32 5.04 1.08 1.34 1.69 3.17
Dallas, GA 2 53.36 Dallas 7 NE 01/02/2006 @00:00 12/30/2019 @07:00 (09-2485) 33.9881 -84.7475 3.88 5.31 1.2 1.42 1.9 3.2
Warwick, RI 3 46.2 Theodore F Green State Airport 01/01/1990 @00:00 12/31/2019 @10:00 (37-6698) 41.7219 -71.4325 3.38 5.03 1.06 1.34 1.74 2.66
Paris, KY 2 47.55 Paris 01/03/1990 @03:00 12/30/2019 @02:00 (15-6170) 38.2047 -84.2392 2.98 4.27 1 1.2 1.6 2.75
Fort Smith, MT 2 18.91 Yellowtail Dam 01/08/1990 @08:00 12/13/2019 @17:00 (24-9240) 453128  -107.9383 1.98 2.55 0.59 0.7 1 1.54
Tampa, FL 2 46.24 Tampa International Airport 01/01/1990 @06:00 12/29/2019 @05:00 (08-8788) 27.9614 -82.5403 4.32 6.24 1.23 1.48 2.08 3.45
Jacksonville, FL 2 50.13 Jacksonville International Airport 01/14/2005 @08:00 12/29/2019 @19:00 (08-4358) 30.495 -81.6936 4.7 7.05 1.19 1.49 2.01 3.99
Bismarck, ND 2 17.75 Bismarck Municipal Airport 01/16/1990 @11:00 12/29/2019 @21:00 (32-0819) 46.7825  -100.7572 2.06 3.11 0.68 0.89 1.21 2.33
Los Angeles, CA 1 11.92 Los Angeles International Airport 01/02/1990 @00:00 12/26/2019 @11:00 (97-0728) 33.9432  -118.3847 2.44 3.94 0.99 1.25 1.59 2.56
Marquette, MI 2 36.64 Marquette WFO 01/05/1990 @11:00 12/31/2019 @07:00 (20-5184) 46.5314 -87.5482 2.37 3.35 0.64 0.83 111 1.8
Palm Springs, CA 1 4.24 Palm Springs International Airport 01/02/2006 @20:00 12/26/2019 @21:00 (04-6635) 33.8275  -116.5097 1.54 3.17 0.8 0.86 1.25 2.62
Jasper, TX 3 61.55 Sam Rayburn Dam 01/01/1990 @10:00 12/30/2019 @17:00 (41-7936) 31.0619 -94.1011 4.68 7.23 1.44 1.79 2.44 4.29
ElPaso, TX 2 8.53 El Paso International Airport 01/03/1990 @03:00  12/29/2019 4:00 (79-0115) 31.8111  -106.3758 1.54 2.56 0.63 0.77 1.05 1.53
Winnemucca, NV 2 7.98 Winnemucca Municipal Airport 01/01/1990 @15:00 12/24/2019 @12:00 (26-9171) 40.9667  -117.7167 0.94 1.36 0.39 0.46 0.61 0.94




Thompson, UT
Reno, NV
Saucier, MS
Pen Argyl, PA
West Palm Beach, FL
Bar Harbor, ME
Kneeland, CA
Missoula, MT
Highmarket, NY
Inglis, FL
Clinton, NC
Terra Alta, WV
Panther Junction, TX
Provo, UT
Cedar City, UT
Fresno, CA
Ely, NV
Ketchikan, AK
Sitka, AK
Amanda Park, WA
Hakalau, HI
Falls City, OR
San Jose, CA
Melbourne, FL
Lubbock, TX
North Platte, NE
San Luis Obispo, CA
Grand Island, NE
Peoria, IL
Pittsburgh, PA
Logan, WV
Folkston, GA
Brownsville, TX
Bassett, NE
Dansville, NY
Corpus Christi, TX
San Antonio, TX
Syracuse, NE
Redding, CA
Vienna, MO
Natchez, MS
Monticello, FL
De Queen, AR
Alturas, CA
Farmington, NM
Ouray, CO
Lander, WY
Yellowstone, WY
Scobey, MT
McCall, ID
Princeville, HI
Wainwright, AK
Central, AK
Redmond, OR
Allegany, OR
Rome, OR
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9.05
7.26
68.31
57.63
57.11
56.75
55.08
12.89
56.6
55.18
55.83
53.27
13.29
17.27
10.19
10.73
9.01
142.72
94.78
143.33
193.2
78.69
12.28
54.44
17.49
19.51
23.36
23.88
36.68
37.89
47.7
49.22
25.28
27.63
28.39
30.23
31.57
31.69
33.44
45.27
57.73
57.81
65.53
10.85
7.34
23.08
13.18
26.93
16.53
26.91
88.32
3.39
6.51
8.81
75.27
7.93

Arches NP HQS
Reno - Tahoe International Airport
Saucier Exp Forest
Pen Argyl
Palm Beach International Airport
Acadia National Park
Kneeland 10 SSE
Missoula International Airport
Highmarket
Inglis 3E
Clinton 2 NE
TerraAltaNo 1
Panther Junction
Provo BYU
Cedar City Regional Airport
Fresno Yosemite International Airport
Ely Airport
Ketchikan International Airport
Sitka Rocky Gutierrez Airport
Quinault River Ranger Station
Kahuna Falls 138.2
Falls City 2 SSW
Mineta San Jose International Airport
Melbourne WFO
Lubbock International Airport
North Platte Regional Airport
San Luis Obispo Poly U
Central Nebraska Regional Airport
Greater Peoria Regional Airport
Pittsburgh International Airport
Logan
Folkston 3 SW
Brownsville/S Padre Island Airport
Bassett
Dansville Municipal Airport
Corpus Christi International Airport
San Antonio International Airport
Syracuse
Redding Municipal Airport
Vienna 2 WNW
Natchez
Monticello 10 SW
De Queen
Alturas Municipal Airport
Four Corners Airport
Ouray No. 2
Hunt Field Airport
Yellowstone
Bredette
Yellowpine 7 S
PH Wainha 1115
Wainwright Airport
Central No. 2
Roberts Field
Allegany
Rome State Airport

01/02/1990 @23:00
01/01/1990 @22:00
01/01/1990 @10:00
01/01/1990 @02:00
01/05/1990 @00:00
01/01/1990 @06:00
01/01/1990 @07:00
01/02/1990 @15:00
01/01/1990 @02:00
01/01/1990 @04:00
01/01/1990 @02:00
01/03/1990 @08:00
01/16/1990 @00:00
01/02/1990 @10:00
01/21/1999 @04:00
01/01/1990 @19:00
01/02/1990 @02:00
01/01/1990 @18:00
01/01/1990 @0:00
01/03/1990 @03:00
10/02/1993 @20:00
01/02/2002 @04:00
01/07/2001 @23:00
01/05/1990 @09:00
01/16/1990 @09:00
01/19/1990 @19:00
01/01/1990 @12:00
01/03/1990 @21:00
01/03/1990 @20:00
01/03/2005 @04:00
01/04/1990 @04:00
01/01/1990 @00:00
01/04/1990 @20:00
01/20/1990 @04:00
01/04/1990 @14:00
01/05/1990 @22:00
07/03/1998 @13:00
01/19/1990 @20:00
01/01/1990 @11:00
01/03/1990 @15:00
01/03/1990 @11:00
01/11/2008 @11:00
01/05/2009 @06:00
01/01/1990 @14:00
01/03/2005 @06:00
01/05/2007 @06:00
01/15/1990 @06:00
01/01/1990 @08:00
01/30/1990 @16:00
01/02/2006 @01:00
01/01/1990 @15:00
02/07/2005 @04:00
12/07/1997 @18:00
01/04/1990 @14:00
01/01/1990 @01:00
01/02/2005 @12:00

12/29/2019 @21:00
12/30/2019 @04:00
12/29/2019 @08:00
12/27/2011 @21:00
12/30/2019 @20:00
12/31/2011 @16:00
02/01/2012 @07:00
12/31/2019 @23:00
12/31/2019 @19:00
12/29/2019 @18:00
12/30/2019 @07:00
12/31/2018 @19:00
12/10/2019 @13:00
12/31/2019 @13:00
12/28/2019 @00:00
12/30/2019 @06:00
12/30/2019 @04:00
12/31/2019 @17:00
12/31/2019 @16:00
12/31/2019 @23:00
12/31/2019 @20:00
12/23/2013 @ 12:00
12/30/2019 @0:00
12/31/2019 @23:00
12/28/2019 @09:00
12/29/2019 @16:00
12/30/2019 @01:00
12/30/2019 @0:00
12/31/2019 @11:00
12/31/2019 @21:00
12/30/2019 @03:00
12/29/2015 @12:00
12/22/2019 @00:00
12/30/2019 @04:00
12/31/2019 @21:00
12/21/2019 @13:00
12/21/2019 @23:00
12/31/2019 @11:00
12/30/2019 @02:00
12/27/2011 @05:00
12/26/2011 @23:00
12/31/2019 @21:00
12/30/2019 @11:00
12/23/2019 @12:00
12/28/2019 @17:00
12/30/2019 @12:00
12/28/2019 @16:00
12/25/2019 @04:00
12/31/2019 @06:00
12/31/2019 @23:00
12/29/2019 @10:00
10/31/2019 @20:00
12/26/2010 @18:00
12/30/2011 @21:00
12/30/2011 @20:00
12/24/2019 @12:00

(42-0336)
(26-6779)
(22-7840)
(36-6792)
(08-9525)
(17-0100)
(04-4587)
(79-0065)
(30-3851)
(08-4273)
(31-1881)
(46-8777)
(41-6792)
(42-7064)
(42-1267)
(04-3257)
(26-2631)
(50-4590)
(50-8494)

(51-2595)
(83-6086)
(08-5612)
(79-0114)
(25-6065)
(04-7851)
(25-3395)
(11-6711)
(36-6993)
(46-5353)
(09-3460)
(79-0043)
(25-0580)
(30-1974)
(79-0048)
(79-0045)
(25-8395)
(04-7304)
(23-8620)
(22-6177)
(08-5880)
(03-1948)
(04-0161)
(29-3128)
(05-6203)
(79-0020)
(48-5345)
(24-1088)
(10-9951)
(51-8155)
(55-0164)
(50-1468)

38.6172
39.5
30.6264
40.8653
26.6847
44.3739
40.6425
46.9208
43.5753
29.0253
35.0247
39.4467
29.3272
40.2436
37.7017
36.78
39.295
55.35
57.05
47.49943
19.8614
44.8358
37.3497
28.0958
33.6542
41.1214
35.3056
40.9611
40.6675
40.5014
37.8611
30.7986
25.9156
42.58
42.5656
27.7839
29.5442
40.6825
40.5175
38.2017
31.5889
30.4406
34.0464
41.4931
36.75
38.0206
42.8153
44.5622
48.5156
44.8542
22.1961
70.62
65.5667
44.253
43.42915
42.59149

-109.6192
-119.7833
-89.055
-75.2458
-80.0994
-68.2592
-123.9144
-114.0925
-75.5208
-82.6158
-78.2758
-79.5469
-103.2061
-111.6506
-113.097
-119.7194
-114.8453
-131.7167
-135.3667
-123.816115
-155.1636
-123.4525
-121.9033
-80.6308
-101.8136
-100.6694
-120.6639
-98.3136
-89.6839
-80.2311
-81.9961
-82.0181
-97.4186
-99.54
-77.7175
-97.5108
-98.4839
-96.1886
-122.2986
-91.9811
-91.3408
-83.9858
-94.3481
-120.5528
-108.2333
-107.6686
-108.7261
-110.3986
-105.2992
-115.5114
-159.5561
-156.7667
-159.85
-121.1608
-124.030621
-117.864305

1.05
1.12
5.86
3.26
5.68
3.57
4.01
1.16
2.95

3.75
2.58
2.09
1.53
1.37
1.41
1.17
5.99
3.9

10.8
4.75
1.66
4.75
2.7
2.32
3.31
2.81
2.97
2.33
2.63
4.54
4.24
2.43
2.18
4.51
4.01
3.15
3.17
3.44
5.03
4.8
4.58
1.28
1.06
1.47
1.67
1.27
1.76
1.57
9.18
0.606
0.981
0.88
5.5
0.88

1.51
1.67
8.85
4.74
9.16
5.09
5.7
1.62
4.22
7.59
5.81
3.64
3.13
2.1
1.93
2.07
1.74
8.04
5.25
11
16.4
6.5
2.63
7.47
4.22
3.29
5.32
4.17
4.32
3.27
3.63
6.79
7.05
3.43
3.17
7.34
6.61
4.69
4.45
4.77
7.29
7.31
6.65
2.58
1.58
2.06
2.46
1.72
2.63
2.08
14
0.921
1.54

6.5
1.25

0.5
0.57
1.6
1.2
1.18
1.2
1.1
0.41
0.87
1.32
1.12
0.85
0.8
0.5
0.49
0.66
0.43
1.48
0.94
1.7
1.7
1.24
0.62
1.3
0.9
0.79
1.3
0.92
0.9
0.73
0.9
12
1.13
0.9
0.68
1.36
1.25

1.07
1.2
1.41
1.3
1.38
0.5
0.42
0.48
0.62
0.48
0.58
0.6
1.22
0.35
0.44
0.4
12
0.39

0.6
0.66
1.9
14
1.53
1.48
1.3
0.48
1.06
1.7
1.4

0.61
0.64
0.82
0.5
1.87
1.16
2.16
2.2
1.57
0.73
1.5
1.08
0.95
16
1.11
1.09
0.9
1.07
1.54
1.43
111
0.8
1.78
1.62
1.24
1.26
1.48
1.78
16
1.75
0.5
0.49
0.54
0.76
0.57
0.73
0.7
1.7
0.42
0.5
0.48
1.44
0.49

0.74
0.99
2.6
1.9
2.13
1.9
1.7
0.63
1.4
2.4
1.85
1.3
1.4
0.8
0.76
0.98
0.63
25
1.59
2.8
3.25
2.1
0.94
2.04
1.44
1.25
2.03
1.54
1.43
1.14
1.4
2.1
2.08
1.47
11
2.37
2.18
1.62
1.67
1.8
2.31
2.35
2.29
0.7
0.61
0.7
0.96
0.77
0.98
0.93
25
0.5
0.74
0.6
1.9
0.62

1.06
1.27
5.17
3.49
4.47
3.3
2.94
0.99
2.23

3.38
2.1
2.2
1.14
111
1.43
0.98
3.91
2.97
4.4
6.1

1.32
3.6
2.67
212

2.66
2.27
1.97
2.25
3.69
4.46
2.38
1.8
4.55
3.79
2.7
2.61
3.2
3.9
4.01
3.97
1.07
1.01
1.04
1.71
1.32
1.61
1.5

0.68
1.5
0.82

1.15




Meacham, OR
Diablo, WA
Skykomish, WA
Colville, WA
Randle, WA
Grays River, WA
Ephrata, WA
Forks, WA
Kailua, HI
Lihue, HI
Alberta, AL
Athens, AL
Haleyville, AL
Grand Portage, MN
Middle River, MN
Milltheim, PA
Bremo Bluff, VA
Calhoun City, MS
Yazoo City, MS
Caribou, ME
Jackman, ME
Great Falls, MT
Cohagen, MT
Duran, NM
Springfield, CO
Collyer, KS
Aberdeen, SD
Ashland, WI
Strum, WI
Tulsa, OK
Roff, OK
Thomaston, CT
Fargo, ND
Benton Harbor, Ml
Lima, OH
Jackson, OH
Cold Bay, AK
McGrath, AK
Cisne, IL
Jerome, ID
Bowman, ND
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37.62
77.63
70.88
20.15
65.27
96.81
7.42
100.85
75.12
109.16
58.49
57.21
61.66
29.35
24.65
43.54
42.97
68.37
55.02
39.23
45.26
13.33
13.02
14.81
16.26
28.74
20.36
30.21
36.49
38.48
41.02
51.25
20.14
37.96
44.45
45.86
35.25
17.25
44.74
9.73
16.54

Meacham
Diablo Dam
Stevens Pass
Colville
Randle 1E
Grays River Hatchery
Ephrata Municipal Airport
Quillayute Airport
Maunawili 787.1
Waiahi Upper 1052
Alberta
Athens
Hayleyville
Grand Portage
Thief Lake Refuge
Miltheim
Bremo Bluff
Calhoun City
Yazoo City 5 NNE
Caribou Municipal Airport
Jackman
Great Falls International Airport
Cohagen
Duran
Comanche National Grassland
Collyer10S
Aberdeen Regional Airport
Ashland Exp Farm
Strum4S
Tulsa International Airport
Roff 2 WNW
Thomaston Dam
Hector International Airport
SW Michigan Regional Airport
Lima WWTP
Jackson 3 NW
Cold Bay Aiport
McGrath Airport
Cisne2S
Jerome County Airport
Bowman

01/06/2005 @21:00
01/01/1990 @04:00
01/01/1990 @17:00
01/02/1994 @10:00
01/01/1990 @01:00
01/01/1990 @00:00
01/06/1990 @18:00
01/01/1990 @00:00
01/14/1990 @21:00
01/02/1990 @00:00
01/04/1990 @08:00
01/02/1990 @08:00
01/03/1990 @17:00
01/04/1990 @09:00
01/04/1990 @22:00
01/01/1990 @00:00
04/07/1991 @16:00
01/02/1990 @17:00
01/02/1990 @14:00
01/01/1990 @05:00
01/01/1990 @03:00
01/02/1990 @11:00
01/16/1990 @09:00
01/17/1990 @17:00
01/09/2006 @08:00
01/19/1990 @02:00
01/16/1990 @17:00
01/04/2006 @16:00
01/20/1990 @10:00
01/02/1990 @06:00
01/03/1990 @11:00
01/01/1990 @00:00
01/26/1990 @20:00
01/02/2006 @02:00
01/02/1990 @16:00
04/01/1996 @00:00
01/01/1990 @05:00
01/01/1990 @14:00
01/03/1990 @23:00
01/02/2006 @04:00
01/05/1990 @08:00

12/31/2019 @23:00
12/31/2019 @23:00
12/31/2019 @00:00
12/31/2015 @21:00
12/28/2019 @02:00
12/30/2018 @15:00
07/31/2010 @12:00
12/31/2019 @23:00
12/25/2019 @16:00
12/30/2019 @11:00
12/29/2019 @22:00
12/30/2019 @19:00
12/30/2019 @22:00
12/31/2018 @09:00
12/29/2019 @12:00
12/31/2019 @23:00
12/28/2011 @22:00
12/29/2019 @22:00
12/28/2012 @19:00
12/31/2019 @23:00
12/29/2018 @06:00
12/24/2019 @16:00
12/31/2019 @23:00
12/29/2019 @08:00
12/29/2019 @00:00
12/30/2019 @18:00
12/30/2019 @13:00
12/31/2019 @03:00
12/30/2019 @22:00
12/28/2019 @23:00
12/28/2019 @15:00
12/31/2016 @22:00
11/28/2018 @18:00
12/31/2019 @11:00
12/31/2019 @12:00
12/30/2019 @04:00
12/31/2019 @22:00
12/31/2019 @19:00
12/30/2019 @19:00
12/24/2019 @17:00
12/25/2019 @23:00

(51-6222)
(51-8966)
(01-0140)
(01-0390)
(01-3620)
(21-3296)
(21-8235)
(36-5790)
(44-0993)
(22-1314)
(22-9860)
(17-1175)
(17-4086)
(79-0058)
(24-1875)
(29-2665)
(05-7867)
(14-1730)
(39-0020)
(47-0349)
(47-8259)
(34-8992)
(34-7705)
(06-8330)
(32-2859)
(20-0710)
(33-4551)
(33-4004)
(50-2102)
(50-5769)
(11-1664)
(79-0003)
(32-0995)

45.51107
48.71413
47.74655
48.56782
46.53304
46.38727
47.30818
47.93801
21.3508
22.0219
32.2322
34.7772
34.2311
47.9708
48.4867
40.8839
37.7092
33.8586
32.9028
46.8706
45.6233
47.4733
47.0564
34.4667
37.2833
38.8972
45.4433
46.5831
44.4964
36.1994
34.6403
41.6931
46.9253
42.1292
40.7247
39.0775
55.2167
62.95
38.5047
42.7267
46.1825

-118.425012
-121.142973
-121.086497
-117.935526
-121.932753
-123.560214
-119.514816
-124.554925
-157.7667
-159.4644
-87.4106
-86.9511
-87.6347
-89.6906
-95.9536
-77.4744
-78.2886
-89.3158
-90.3817
-68.0172
-70.255
-111.3822
-106.6164
-105.4
-102.6167
-100.1136
-98.4131
-90.9678
-91.3964
-95.8872
-96.8783
-73.06
-96.8111
-86.4222
-84.1294
-82.7053
-162.7333
-155.6
-88.4094
-114.4564
-103.4061

2.25
3.75
4.25
1.25
3.25
5.5
0.75
5.5
7.66
6.72
4.31
4.02
4.36
2.37
24
2.86
3.19
4.32
4.38
2.35
2.28
1.63
1.6
1.68
2.26
2.6
2.44
2.64
291
3.87
3.98
3.6
2.45
2.56
2.58
2.69
2.16
1.27
3.25
1.03
1.88

3.25
5.5
5.5
1.75
4.75
7.5
1.25
7.5
12.1
10.2
6.17
5.68
6.17
3.39
3.66
4.13
4.82
6.07
6.16
3.34
3.25
2.44
2.51
2.55
3.44
3.86
3.68

4.3
5.6
5.66
5.76
3.78
3.62
3.59
3.76
3.14
1.79
4.64
1.45
2.76

0.64
1.14
0.98
0.42
0.99
1.25
0.37
1.22
11
1.12
14
12
1.33
0.7
0.8
0.86
11
1.41
1.4
0.71
0.79
0.52
0.6
0.67
0.89
0.9
0.76
0.8
0.9
1.18
1.3
1.09
0.77
0.73
0.87
0.96
0.5
0.46
11
0.4
0.7

0.78
1.38
1.2
0.5
1.18
1.56
0.44
1.51
1.54
1.46
1.7
1.5
1.67
0.89

11
1.35
1.7
1.7
0.86
0.91
0.67
0.7
0.8
1.06
1.15
0.95

1.1
1.46
1.66

1.3
0.96

0.9
1.07
1.19
0.61
0.54

1.3
0.47

0.8

1.01
1.84
1.58
0.64
1.59
2.05
0.56
1.97
2.47
2.2
2.3

2.27
1.25
1.3
1.43
1.81
2.26
2.23
1.13
12
0.87

1.01
1.31
16
1.38
1.31
1.46
1.93
2.21
1.75
1.28
121
1.45
1.43
0.84
0.68
1.79
0.6
1.1

1.73

2.74
1.1
2.58
3.45
0.85
3.34
4.9
4.5
3.8
3.5
3.9

2.4
24
3.4

3.9
1.77
1.84
1.51
1.42

1.7
3.83

25
2.33

2.3

2.4
3.06
3.44

2.8
2.25

2.2
2.31

2.3
1.41
1.04

3.1
0.92

1.9
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