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Abstract No. 087. Spectral Analysis of Hydrographs to Evaluate Long-Term Aquifer Storage
Changes

Guthrie, G. & G. Jin

Geological Survey of Alabama

Hydrographs are time-series representations of water-level measurements in a given
location, and linear analysis of these data sets is a traditional method of evaluating short- and
long-term changes in aquifer storage. The Geological Survey of Alabama (GSA) maintains a
real-time network of wells equipped with transducers that record water level and
temperature at defined intervals with daily transmittals to the GSA. Hydrographs derived
from these data sets can be complex, seemingly noisy, and thus difficult to interpret due to
diurnal, seasonal, and decadal measurement variations. GSA has conducted spectral analysis
by discrete Fourier transform to evaluate frequency spectra of water-levels that decompose
the data into seasonal, trend, and random (residuals) components. Cumulative departure of
the data from a mean value reflects either increasing or decreasing hydraulic head over time.
These changes suggest that long-term aquifer storage changes in wells only affected by
natural stressors may be related to long-term climatic cycles. The methodology has been
applied to data from eight wells in the GSA real-time network that are outside the influence
of anthropogenic stresses. The wells are shallow, less than 150 feet deep, vary in aquifer
type, are unconfined to semi-confined and therefore most susceptible to natural stressors
such as drought, and have at least (?) most (?) up to 10 years of continuous data available for
analysis. Six of the wells display positive hydraulic head trends across the period of record,
which may reflect storage level restoration to pre-pumping conditions, and three of the wells
display negative, declining trends. Level-time curves do not display linear trajectories, but
periodic oscillations that are expressed differently for each well. These may reflect decadal
climatic variations that influence net recharge for each well. The amplitude and frequency of
the oscillations may also be influenced by aquifer characteristics, reflective of the different
aquifer types.
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Abstract No. 067. How important is considering point sources in large-scale watershed
modeling?

Haas, H. & L. Kalin

Auburn University

The Mobile Bay watershed (MBW) covers approximately 65% of the state of Alabama and is
the fourth largest in North America in terms of freshwater discharge. This watershed
supports a diverse flora and fauna and is vital to Alabama’s commercial and recreational
sectors. Over the last two decades, water quality deterioration has been reported in the
MBW area with hypoxic conditions increasing in frequency and duration, a trend that is
expected to continue. In this study, we employ the Soil and Water Assessment Tool (SWAT)
to characterize the MBW and assess the impacts of point source discharges on freshwater
flow to the Bay from the Alabama River watershed, which includes 61 major point sources
from major wastewater treatment plants. First, a baseline SWAT model was set up and run
without the presence of point sources. The goodness-of-fit analyses indicate a good
representation of the watershed system based on daily observations of streamflow
measured at the watershed’s outlet. Results indicate that the inclusion of point sources to
the model resonates in only marginal increases in streamflow (2%), sediments (1%), and
mineral phosphorus (0.23%) compared to the baseline scenario. However, a 51% increase in
simulated nitrate was found at the watershed’s outlet due to the loadings originating from
the major point sources. The results of this study point to the importance of considering
point source discharge data for modeling nitrate and may contribute to future water quality
modeling studies in large-scale watershed systems.
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Abstract No. 023. Water Use in Alabama - An Update

Harper, M., T. Littlepage & S. Holley
ADECA

In 2019, the Alabama Office of Water Resources (AOWR) published one of the most
comprehensive summaries of water use and surface water availability ever produced for the
State of Alabama. It was based on an analysis of 2015 data submitted under the Alabama
Water Use Reporting Program and other data sources and entitled “Estimated 2015 Water
Use and Surface Water Availability in Alabama”. The information in this report is being used
as an integral aspect of the water demand component of OWR’s water resource assessment
analysis.

Accordingly, the Alabama Office of Water Resources is developing an update to the 2015
Water Use in Alabama report for 2020. In this presentation, information based on an
assessment of annual water use data submitted through the 2020 reporting cycle will be
provided including a review of the methodologies and procedures for data collection and
analysis in eight primary water use sectors including:

e Public Water Supply

e Residential Water Use

e Industrial Water Use

e Thermoelectric Water Use

e  Mining

e |rrigation Water Use (including nursery and sod use)
e Livestock Water Use

e Aquaculture Water Use

The presentation will also provide information on other topics including consumption
analysis for the public supply, agriculture, and the combined industrial, thermoelectric, and
mining water use sectors. The AOWR will also highlight how the Water Use in Alabama series
fits into the overall water use assessment process.
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Abstract No. 031. The Seven Habits of Highly Effective Drainage Studies

Heilwagen, B.

Wood Environment & Infrastructure Solutions, Inc

My induction into the world of performing drainage studies was as a young agricultural
engineering major at the University of lllinois. Back then, they truly were drainage studies
since we were most concerned with draining off water from saturated corn fields. From
there | went to work for a hydroelectric utility in mountainous and arid Idaho, where the
concern was less about draining off water and more about optimizing power production.
From there | got into developing flood studies for FEMA maps, which evolved into local
stormwater and flood reduction studies. Now nearly 20 years later, | find myself doing peer
and third-party reviews of several drainage studies. While not unique, this collective
experience has allowed me to see drainage studies of all shapes and sizes created for a
variety of purposes in a variety of geographic settings.

This experience has also allowed me to see numerous drainage studies that were not
performed in the most effective way. | have participated in studies where the model
software used was not appropriate for the terrain and geography. I've been 75% through the
development of a flood study, only to receive new topographic data to use for input. I've
seen municipalities caught off-guard when a developer submits plans to build a subdivision in
an area where no previous drainage study was been done, and then I've seen that same
community fund a new drainage study to completion, only to find that it wasn’t done at a
resolution that could be used to test the effects of the new subdivision on runoff. I've read
drainage study reports written by the best technical minds that left me less knowledgeable
about the basin and modeling methods than | was when | started. I've seen communities
fund, and fund, and fund again studies of the same drainage system, but for varying
purposes. These issues cost communities in time and money.

In 1989, Stephen Covey published a book titled The 7 Habits of Highly Effective People. The
groundbreaking book presents a series of habits that, if followed by the reader, result in the
alignment of one’s values with universal principles that Covey calls “the character ethic.” It
has been recognized as one of the most influential business management books in history.
While the character ethic may not apply to performing drainage studies, the seven habits
certainly do. Be proactive; begin with the end in mind; put first things first; think win/win;
seek first to understand, then be understood; synergize; and sharpen the sword are tenants
that we should subscribe to.

This presentation will draw parallels between Covey’s seven habits and best practices to
consider when performing drainage studies or all shapes and sizes. Examples will be given
from my 20 years as a water resources engineer that highlight the need to subscribe to these
habits. Although not revolutionary by any means, my hope is that the ideas presented help to
increase the effectiveness of drainage studies across Alabama.
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Abstract No. 092. Nitrate Levels in Baldwin County Aquifers Suggest Background Levels of
Nitrate Present within the System

Huettemann, M. & G. Guthrie?

1The University of Alabama; 2 Geological Survey of Alabama

Southern Baldwin County is dependent upon the quality and quantity of groundwater
resources in the area to help support its rapidly growing population and economy.
Groundwater is the only viable source of fresh water in the region, and it is vital to help
maintain the sustainability of the drinking water supplies. In 2010-2011, a network of
eighteen wells was established in Dauphin Island, Fort Morgan, Orange Beach, and Gulf
Shores to monitor groundwater in the area. The wells were sampled in May/October of 2010
and June/December of 2011. During this sample period, the southeast was experiencing
drought conditions, with the exception of May 2010 and Tropical Storm Bonnie in July 2011.
Using drought and non-drought conditions, the aquifer’s response to precipitation was
compared between three wells using discrete sampling events relative to a continuous
precipitation record. Wells COM and PH-3 are private wells and GS-1 is a GSA observation
well located at the Gulf State Park pier. The depth of the wells is 60, 40, and 4.5 feet,
respectively. Of the eighteen wells observed, wells COM, GS-1, and PH-3 had the highest
recorded nitrate concentrations, with some samples containing concentrations above the
0.09 mg/L limit. Salinity was calculated using water temperature and specific conductivity
measurements. Analytical results Indicate that salinity and nitrate were constant during each
sampling event. These results suggest that there are background levels of nitrate in the
groundwater that contribute to the overall nutrient budget of the hydrologic system and
need to be accounted for in future restoration efforts.
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Abstract No. 085. City of St. Petersburg Watershed Model Refinement

Hyde, H.1, S. Pati & C. Frey?
1Jacobs Engineering Group; 2 City of St. Petersburg

The watershed model developed for the City of St Petersburg covers 26 basins in Pinellas
County and shares many boundaries with County-maintained watersheds, making it one of
the largest watershed studies being completed in Florida for the scale of detail it boasts.
Jacobs has modeled the highly urbanized watershed for floodplain development and will be
utilized to identify sustainable BMP projects to mitigate watershed flooding and improve
water quality. This WMP includes:

e Llarge, highly urbanized watershed model development

e Data collection, collation, evaluation, and assembly from various sources

e Data gap analysis, field reconnaissance, and data acquisition

e Sea level rise (SLR) and climate change assessment

¢ Model parameterization, development, calibration and verification as well as
floodplain analysis

e Level of service (LOS) analysis based on the City’s LOS criteria and identification of
LOS deficiency areas

¢ Model simulations for future conditions with SLR and rainfall projections

e Stakeholder involvement through meetings and virtual website

e BMP alternative analysis for both flood reduction and water quality

e Evaluation of sustainable management of complex flood and water quality issues,
including use of injection wells and potential development of new potable water
sources from excess runoff to capture and store fresh water inland versus discharging
it to nutrient limited estuaries.

Additionally, the project also evaluated a preliminary lake management plan for Crescent
Lake to improvement water quality in the lake. This presentation will highlight the progress
of the project, specially, the methods and the level of detail applied to such a highly
urbanized watershed that will significantly help in analyzing the LOS and evaluating flood
alleviation projects at both local scale and regional scale.
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Abstract No. 048. Quantifying Nutrient Reductions at Wetlands in the Upper Fish River
Watershed

Isik, S.1, L. Kalinl, H. Haas! & M. Hantush?
L Auburn University; 2 EPA

This study aimed to quantify reductions in nitrate, organic nitrogen, and phosphate loadings
provided by 44 wetland complexes within the Upper Fish River watershed in coastal
Alabama. For this purpose, the physical-based wetland nutrient cycling model WetQual was
utilized. WetQual can simulate hydrology as well as nitrogen (N), phosphorus (P), total
suspended sediment (TSS), and carbon (C) cycles and their dynamics in natural and
constructed wetlands. Input loadings to the selected wetlands were estimated using a
watershed-scale hydrologic model (SWAT). The SWAT model parameters were stochastically
calibrated using 500 Monte Carlo Simulations for streamflow and water quality data available
at a USGS gauge site for the period 2008-2015. The results yielded Nash-Sutcliffe Efficiency
values of 0.93, 0.86, and 0.54 at monthly time resolution for streamflow, phosphate, and
nitrate, respectively. The upper (90%) and lower limits (10%) of the prediction interval along
with the medians of the SWAT generated nutrient loadings and discharge to each wetland
were fed as input to the WetQual model. After performing 10,000 Monte-Carlo simulations
with WetQual at each wetland, 10th, 50th, and 90th percentiles of WetQual outputs were
calculated to get nutrient loads leaving the wetlands. Simple relationships were constructed
between input and output loads to each wetland to develop equations which can be used to
estimate nutrient reductions by wetlands in this region. Reduction efficiencies were
calculated by (input loading —output loading)/(input loading). Median reduction efficiencies
of the 44 wetlands were found as 60, 44, and 56% for nitrate, organic nitrogen, phosphate,
respectively, while their reduction loads at reach level were 287.68, 42.9, and 8.1 kg/ha/y.
This study showed that wetlands in the Fish River watershed are effective in removing
organic nitrogen, nitrate, and phosphate.
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Abstract No. 065. Modeling Nutrient Dynamics in Wetlands Undergoing Wetting/Drying
Cycles

Kalin, L. 1, J. Hel, M. Hantush2 & S. Isik!
L Auburn University; 2 EPA

Wetland hydrology has a strong influence on wetland structure, ecosystem functions, and
biogeochemical cycles. A shallow water table can have a significant effect on the wetland soil
moisture, which is one of the important considerations in wetland biogeochemistry. In this
study, we incorporated a recently developed two-layer soil moisture, dynamics model into
the wetland biogeochemistry model WetQual. For this, we first divide a wetland into ponded
and variably saturated compartments and apply the two-layer soil moisture model to
estimate the soil moisture in the variably saturated compartment which is subjected to
various atmospheric conditions at the surface and a dynamic groundwater level at the
bottom. We also improved the plant growth module of WetQual by introducing a more
realistic primary productivity module by considering environmental factors including
temperature stress, water stress, and plant dormancy. We evaluated the updated model by
applying it to a restored wetland located on Kent Island, Maryland, by two numerical
experiments using shallow and deep groundwater levels in the variably saturated
compartment. Results showed that the model had excellent performance in estimating
weekly NO3 and total organic C (TOC) exports and moderate performance in capturing
weekly organic N (ON), NH4, and total N (TN) exports, but not as good in estimating weekly
TSS and P exports. The moisture contents in the variably saturated compartment had
significant differences between the two bottom boundary conditions (deep vs. shallow
groundwater). Mass balance analysis showed that using different groundwater level
conditions in the variably saturated compartment had a significant influence on the N and C
budgets, but no influence on the P budget. The estimated biomass clearly reflected the role
of temperature stress, water stress, and dormancy. The estimated plant biomass and
nutrient uptake had good agreement with field measurements.
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Abstract No. 151. Use of Flocculants in Construction Stormwater Treatment

Kazaz, B., M. Perez, W. Donald

Auburn University

Construction stormwater pollution constitutes an increased risk for downstream water
bodies due to uncontrolled sediment-laden discharge exiting construction sites. Temporary
sediment control practices are designed for capturing sediment particles and reducing the
turbidity of the off-site discharge; however, these designs often show limited performance in
capturing fine-sized sediment particles. The use of flocculants provides an effective solution
for construction stormwater treatment. These chemical compounds build a bridging
mechanism between particles to form larger flakes and create settlement out of suspension.
Although flocculants are highly effective in reducing turbidity, improper dosing may pollute
downstream water bodies and create risks for aquatic life. The effectiveness of flocculants
for stormwater management has been well-investigated; however, a large gap in knowledge
exits on guidance for application rates and dosage for construction site applications. This
study investigates the use of flocculants for construction stormwater treatment in the U.S. by
presenting a state-of the-practice survey and aims to fill the knowledge gap by investigating
the performance of various commercially available products and practices. This research
provides design-based guidance for roadway construction sites in Alabama by integrating lab-
scale testing methods. Lab-scale testing will consist of bench-scale experiments that
characterize the behavior of different flocculant types across different soil types. The study
will enhance the proper use of flocculants in construction stormwater management by
providing design guidance on application rates and dosage.
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Abstract No. 072. A Comprehensive Watershed Management Plan on a Mission to Protect
“America’s Amazon”

Kelson, J.1 & B. Vittor?

1 Wood Environment & Infrastructure Solutions, Inc.; 2Barry Vittor & Associates

The Mobile Bay National Estuary Program (MBNEP) works diligently to uphold the common
values deemed as most important to Alabama’s coastal quality of life, which include
increasing public access to the water, protecting the beaches and shorelines, maintaining
habitats for fish and wildlife, protecting the heritage/culture unique to the Alabama coast,
helping natural systems remain resilient to unforeseen events, and improving the water
quality of the rivers, creeks, and bays.

The MBNEP has been completing Watershed Management Plans (WMPs) throughout Mobile
and Baldwin counties. Their efforts drive restoration efforts throughout coastal Alabama.

In January of 2020, the MBNEP continued their efforts with the commencement of the
Mobile-Tensaw Apalachee (MTA) Watershed Management Plan. The “Delta” is considered
one of the most biologically diverse ecosystems on the North American continent and has
been referred to as “North America’s Amazon”.

The MTA watershed complex is very large, occupying over 350 square miles of area, and
includes a variety of diverse uses and interests. One of the focal points of this WMP is the
development of a plan to conserve and manage the lands in the watershed that offer high
potential for improving the overall health and resiliency of its health.

The WMP involved very robust community and stakeholder outreach and involvement to
assist with its development, including a virtual boat tour. As this WMP commenced just
before the beginning of the COVID 19 pandemic in the United States, creative thinking was
employed to engage the community in this very important project.
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Abstract No. 071. A Comprehensive Watershed Management Plan Aimed at the
Rehabilitation of a Culturally Significant Urban Creek and Bayou

Kelson, J.1 & M. Posner?

1Wood Environment & Infrastructure Solutions, Inc.; 2 Escambia County

Carpenter Creek and Bayou Texar are in the heart of the Pensacola area. The creek and
bayou have played a very important role in the lives of Pensacola ancestors, but few know of
their importance today. Impacted by channel modifications, eroded banks, non-attenuated
stormwater, gray infrastructure, and diminishment of the protective riparian zone, the creek
and bayou are suffering from poor water quality, nuisance invasive species, high sediment
loading, and overall poor ecosystem health.

Escambia County and the City of Pensacola are developing a comprehensive Watershed
Management Plan (WMP) for the Carpenter Creek and Bayou Texar watersheds. Funding for
the WMP development has been secured through the Escambia County Resources and
Ecosystems Sustainability, Tourist Opportunities, and Revived Economies of the Gulf Coast
State Act (RESTORE Act), Direct Component allocation (Pot 1). This WMP will provide a
roadmap for identifying, addressing, and recommending actions to improve: water quality
and control water quantity (flooding), fish and wildlife habitat, public access and recreation
opportunities, and community resiliency to sea level rise.

Escambia County contracted with Wood Environment and Infrastructure Solutions, Inc.
(Wood) to assist with the development of this WMP. The Wood team also includes Scape,
Wetland Sciences, and Impact Campaigns.

The WMP is very comprehensive in that it includes detailed assessments for
hydrologic/hydraulic conditions, water quality and pollutant loading, and stream
classification and restoration. Best management practices recommendations will also be
comprehensive and will also look to provide value to the community in providing additional
public access to this very significant urban system. This project’s aim is to improve Carpenter
Creek and Bayou Texar, while also increasing its visibility to, and appreciation of, its natural
beauty and regional importance.
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Abstract No. 057. Stormwater Best Management Practices to improve the Parkerson Mill
Creek watershed in Lee County Alabama

Knappenberger, T., E. Brantley & C. LeBleu

Auburn University

The Parkerson Mill Creek Watershed is located in Lee County, in east-central Alabama. It is
part of the Upper Chewacla Watershed (HUC 12: 031501100202) of the Lower Tallapoosa
River Basin. Land use includes a mix of urban (City of Auburn; Auburn University), suburban,
industrial, agricultural, and rural areas. The 9.3 square mile watershed has approximately
68,500 ft. of perennial streams and 282,152 ft. of tributary streams.

The headwaters of Parkerson Mill Creek originate on the campus of Auburn University. The
campus is comprised of approximately 1800 acres of contiguous property of which between
60-80% is impervious or compacted surface. The area surrounding Auburn University consists
of residential property to the east and southeast, agricultural property to the southwest and
west, and urban city property to the north and east.

Parkerson Mill Creek does not meet minimum water quality standards for its designated Fish
and Wildlife water use classification. In 2008, the Alabama Department of Environmental
Management (ADEM) listed Parkerson Mill Creek on the CWA Section 303(d) List, as impaired
for 6.67 miles from Chewacla Creek to its source. Parkerson Mill Creek’s listing was based on
a series of Auburn/Opelika Intensive Fecal Coliform Studies conducted in 2007. The cause of
impairment was identified as pathogens from urban stormwater runoff and storm sewer
sources. A pathogen Total Daily Maximum Load (TMDL) was developed by the Alabama
Department of Environmental Management (ADEM) and approved by the Environmental
Protection Agency (EPA) in 2011.

In 2018, we implemented a watershed plan and built several best management practices
(BMPs) to improve stormwater runoff quality and to reduce pathogen loads from livestock.
Construction of BMPs will be presented together with runoff volume reduction and water
quality data from the past three years.
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Abstract No. 058. Time stability in soil moisture in irrigated agricultural field

Kumar, H.1, P. Srivastava?, B. Ortiz!, J. Lamba®! & G. Morata?

L Auburn University; 2University of Maryland

This study aimed to examine the time stability in soil moisture in corn and cotton fields at
different soil depths in the Tennessee Valley Region (TVR) of Alabama, USA. A time stable
location can explain the variability in soil moisture of the entire field using one sensor instead
of using multiple sensors, which can help reduce costs and labor associated with the
installation of multiple sensors within a field. In this study, soil moisture data was normalized
to find the time stability in the data during the growing season. A relative difference
approach was considered to study the time stability in soil moisture and various statistical
tests (rs-Spearman's correlation, NSE-Nash-Sutcliffe efficiency, R2-coefficient of
determination, etc.) were adopted to reduce uncertainty or increase confidence in the
performance of representative sensors. The time stability analysis showed one
representative sensor for the entire soil profile in each corn and cotton field. Among various
field attributes, topography in corn, and soil properties in cotton were determined as
significant factors responsible for soil moisture variability. Crop evapotranspiration (ETc)
showed significant negative weak and moderate correlations with soil moisture in the corn
and cotton fields, respectively. However, the mean air temperature showed a significant
positive correlation with soil moisture in the corn and a significant negative correlation in the
cotton field. This study gives insights into soil moisture variability, provides useful
information about time stability, and identifies responsible factors for adopting precision
uniform irrigation scheduling.
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Abstract No. 020. Interactions of "Forever Chemicals" — Per and Polyfluoroalky! Substances
with Dissolved Organic Matter as a Potential Contributor to Soil and Water Contamination.

Lawhon, J. &Y. Olshansky

Auburn University

Per- and polyfluoroalkyl substances (PFAS) are a group of over 4000 human-made fluorinated
aliphatic compounds. Strong C-F bonds make PFAS highly persistent under environmental
conditions; therefore, PFAS accumulates in the environment. These compounds, known by
adverse effects on humans and the ecosystem, reach farmlands with irrigation water and
due to land use of biosolids, thus becoming an agriculture-related issue. The fate and
bioavailability of PFAS in the soil environment are fundamentally influenced by their
interactions with dissolved organic matter (DOM), the concentration of which in soil
solutions is elevated due to land application of organic amendments. The development of
efficient risk assessment and treatment strategies requires an understanding of the
underlying mechanisms of PFAS interactions with DOM and its effect on contamination
spread in the soil and water medium. Evidence has been shown that binding of PFAS to DOM
is essentially DOM nature-dependent, but no approaches persist which would predict
interactions of PFAS with various types of DOM. This study aims to develop structural and
compositional DOM descriptors which could be used as quantitative predictors for the
interactions between PFAS and DOM. A range of DOMs relevant for soil solutions and,
specifically, being under organic wastes application, will be analyzed for fluorescence
spectra, collected as three-dimensional excitation emission matrices (EEM) where Parallel
Factor (PARAFAC) analysis will be used to decompose EEMs into their underlying chemical
fluorescent DOM components. Fourier Transform Infrared spectroscopy (FTIR) will provide
information of the DOM functional groups and their chemical environment. Binding of PFAS
with these DOMs will be tested under environmentally relevant conditions through dialysis
equilibrium studies. Integration of DOM descriptors and PFAS binding coefficient will develop
into a model allowing prediction of PFAS fate in natural and agricultural systems.
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Abstract No. 037. Urban Areas vs. Impervious Surfaces: Implications for water
quality/quantity predictions

Lee, D. & L. Kalin

Auburn University

Land use/cover (LULC) is one of the key components in hydrologic modeling. In particular,
urban areas can significantly impact water quantity and quality due to impervious surfaces.
Many hydrologic models rely on the National Land Cover Dataset (NLCD) as LULC input,
where urban areas are represented as “developed” with four sub-categories: open space,
low intensity, medium intensity, and high intensity. Each sub-category is associated with a
range of imperviousness (e.g., 50-79% for medium intensity), thus introduce uncertainty.
USGS has another national product that gives the fraction of impervious areas at 30-meter
resolution. In this study, we combined the two products (called NLCD-Imp) to better capture
impervious areas. The Soil and Water Assessment Tool (SWAT), one of the widely used
hydrologic models, was used to test the impact of improved representation of urban areas,
in an urban watershed in a coastal watershed, near Pensacola, USA. This paper will present
the differences in predicted streamflow and various water quality constituents in response to
using NLCD and NLCD-Imp as LULC sources.
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Abstract No. 144. Can infrared canopy temperature data be used as a potential irrigation-
scheduling tool for corn in humid subtropical climates?

Lena, B.1, B. Ortiz!, A. Jiménez-Lopez', A. Sanz-Saez! & S. O’Shaughnessy?

L Auburn University; 2USDA: Soil and Water Management Research

The use of infrared temperature sensors to track plant water status through crop canopy
temperature has been widely used in dry regions of the USA. For humid regions, like the
southeast USA, this technology has not been fully investigated and its feasibility is still
unknown. The objective of this study was to evaluate the use of canopy temperature data as
a potential irrigation scheduling tool for the climate conditions of the state of Alabama. The
study was conducted at the E.V. Smith Research Station located at Shorter, AL during the
corn growing season of 2018, 2019, and 2020. Three water level was evaluated in each
growing season: T100 — full irrigated, T66 — 66% of the irrigation depth calculated at T100,
and T33 —33% of the irrigation depth calculated at T100. In 2018, 2019, and 2020, a total of
four, six, and five replications (plots) for each irrigation treatment were used, respectively.
The soil water level was determined at 6, 12, and 24” depth using Acclima True TDR sensors.
An infrared temperature sensor was installed in each plot to determine corn canopy
temperature. The canopy temperature data was used to calculate the crop water stress
index (CWSI), which is an index that indicates the plant water stress level. This index ranges
from O, fully irrigated plants, to 1, fully stressed plants. The CWSI was found to be very
sensitive to changes in water level. The values reduced (got closer to zero) when irrigation
was applied, and it increased between irrigation and rainfall events when the water level was
reduced due to crop water uptake. The three-years mean value of CWSI for the T100, T66,
and T33 was 0.12, 0.18, 0.27, respectively. For the same treatments, the three-years mean
value of yield was 210, 101, and 177 bu ac-1, respectively. A negative correlation between
CWSI and yield was found, which was expected since plants kept under lower water
availability during the growing season will output lower yield values in comparison with
plants that were kept at higher water levels. These values indicate that the use of infrared
canopy temperature sensors is a promising irrigation scheduling tool for a humid subtropical
region of the USA. There is an opportunity for studies that determine canopy temperature
maps by installing infrared temperature sensors on center pivots and, therefore, irrigation
prescriptions maps can be derived by the canopy temperature map.
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Abstract No. 018. Spatial temporal variability of flash drought in the continental United
States and its impacts from global sea surface temperatures

Lesinger, K. & D. Tian

Auburn University

Flash droughts are extreme climate phenomena that occur at the subseasonal-to-seasonal
(S2S) timescale and develop with rapid onset and intensity. While flash droughts have
significant socio-environmental impacts, its spatial and temporal variability and potential
predictability from sea surface temperatures (SST) are still not well understood. The overall
goal of this research is to assess the spatial and temporal variability of flash droughts in the
continental United States (CONUS) and its predictability from global SST. Flash drought
events are characterized with soil moisture- and evaporative demand-based definitions at
the weekly timescale between September 1981 and December 2018. A hierarchical
agglomerative clustering algorithm identifies geographic clusters where flash drought events
occur synchronously over time. We identify the optimal number of clusters and further
analyze the distribution and severity of flash drought occurrences within each cluster to
understand the spatiotemporal variability of flash drought events for each flash drought
definition. To understand flash drought cyclicities and trends for prediction, a spectral
analysis using a flash drought percentage area time series is conducted for each cluster. We
then explore associations between SST anomalies in the Pacific and Atlantic oceans and flash
drought events, and further evaluate flash drought predictions using the identified SST
patterns. The results reveal the spatial and temporal variability of flash droughts in CONUS
and influential SST patterns. Such understanding will improve the current S2S prediction and
early-warning management of flash droughts.
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Abstract No. 108. A field validated model of temporal variability in oyster habitat suitability

Linhoss, A.1 & P. Mickle?

L Auburn University; 2Northern Gulf Institute

This work presents the development and validation of a spatially and temporally variable
oyster habitat suitability model for the western Mississippi Sound, northern Gulf of Mexico.
In the work, we develop an oyster habitat suitability model based on existing conditions in
one year, forecast habitat suitability throughout the same location in following years, and
validate the model using field counts of recently deceased oysters in those years. The model
uses four environmental factors to determine habitat suitability, namely: maximum annual
temperature, maximum annual salinity, minimum annual salinity, and minimum annual
dissolved oxygen. Results of the validation show that counts of recently dead oysters were
higher when the habitat suitability was below 0.2. The results also show that habitat
suitability varies by up to 0.45 in any single location (One standard deviation. On a scale from
0 to 1). This is important for evaluating which areas will be most resilient for oyster habitat
under a variety of conditions. This study presents the first validated model of temporally and
spatially varying oyster habitat suitability.
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Abstract No. 041. Novel water sensors for precision agriculture

Liu, J., W.Yi & Z. Cheng

Auburn University

For precision agriculture, it is important to monitor the soil-water content and water flow in
farmland. Traditional techniques used to measure the soil-water content are stationary,
meaning soil samples have to be taken a lab, which is inadequate to monitor the soil-water
and almost impossible to characterize the water flow. For example, there are many factors
that influence the results, such as the handling of soil sample, the locations to collect
samples, the number of samples to be collected, and the time needed to get the final result.
And there are commercial sensors, such as time domain reflection technology TDR, which
can perform the in-situ measurement of soil-water content. However, these sensors are
expensive and the sensor is not easy to use, and like the traditional method, the selection of
collation and the number of location to be monitored are critical. More seriously, the
installation of the sensor probe into soil is very critical. For example, a small gap between the
sample probe and soil can result in a giant measurement error. Moreover, if one wants to
use the sensors to monitor a farmland and to determine the water flow, a large number of
the sensor would be needed, which is impossible considering the cost and infrastructure
needed. On the other side, there are humidity sensors that are inexpensive and provide
continuous measurement, but these sensors would be damaged when the sensor is
immersed in water.

We recently developed an inexpensive and wireless sensor for in-situ monitoring soil-water
content continuously by modifying existing humidity sensing materials and using our
patented wireless sensor platform. Each sensor is only a few centers and can be placed in soil
for continuous monitoring. The sensor is measured using an interrogation unit wirelessly
over the surface. With this inexpensive sensor, many can be employed in a farmland at
different locations and with different depths so that a 3-D map of the soil-water content can
be generated and the time dependence of the 3-D water map can be used to determine the
water flow in a farmland. This presentation will report the principle and experimental data to
show the advantages of the new sensor over all existing sensors for soil-water content
monitoring.
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Abstract No. 030. The invasive omnivore, Dreissena polymorpha (zebra mussel), structures
multi-scale diversity and ecosystem attributes in invasion front reservoir metaecosystems

Lovejoy, R., A. Kandow & J. Howeth
The University of Alabama

Non-native invasive predators often exert large ecological impacts on species richness and
the local environment of freshwater ecosystems. The ecological effects of non-native
omnivores, however, are less understood due to the complex direct and indirect effects of
consumption on multiple trophic levels. Omnivory is hypothesized to alter local species
richness and biomass of prey and primary producers and increase dissimilarity between
invaded and uninvaded communities and ecosystems. High levels of community and
ecosystem connectivity, however, may override these responses through strong spatial flows
of species and nutrients. In this study, we evaluated the effects of an invasive omnivore, the
zebra mussel (Dreissena polymorpha), on multi-scale diversity and local ecosystem attributes
in reservoirs located at the southern invasion front of the species in North America. The
study system included two adjacent partially invaded reservoir metaecosystems in Texas with
different levels of hydrologic connectivity. Zebra mussels, crustacean and rotifer
zooplankton, phytoplankton, and the reservoir environment were sampled in invaded and
uninvaded reservoirs. Species diversity and ecosystem properties were contrasted as a
function of reservoir invasion status and metaecosystem connectivity.

Zebra mussel veligers were detected in all invaded reservoirs, indicating established
reproducing populations of the species and potential for local ecological impacts. While local
diversity of plankton did not differ between invaded and uninvaded reservoirs, crustacean
zooplankton beta diversity was lower in invaded reservoirs indicating an increase in
compositional similarity. Additionally, crustacean zooplankton and phytoplankton biomass
was significantly lower in invaded reservoirs. Likely due to observed reductions in
phytoplankton, water column transparency was significantly greater in invaded reservoirs.
These results are consistent with predictions that omnivory and highly effective filtration by
zebra mussels reduce grazer and primary producer biomass. Further, total phosphorus was
lower in invaded reservoirs, likely owing to uptake by zebra mussels for conversion into
biomass. Invaded reservoirs were larger in surface area and cooler than uninvaded
reservoirs. The reservoir metaecosystem with lower levels of hydrologic connectivity
exhibited stronger structuring of local plankton communities by the environment and thus
the potential for larger impacts of zebra mussel omnivory. Together, the results of this study
indicate that effects of omnivory from a single invasive species can influence
metacommunity and metaecosystem properties under different levels of hydrologic
connectivity. The findings also suggest that co-occurring native species that depend upon
planktonic resources, including mussels and fishes, are at risk of declines in population sizes
and local extinction from zebra mussel establishment.
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Abstract No. 044. Alabama Water Management Policy from Past to Present

Lowry, C.1 & C. Miller 2

1 Alabama Rivers Alliance; 2 The University of Alabama

Alabama water management policy has a long and interesting history dating all the way back
to 1955, with the 1955 and 1990 temporary commissions formed, to the passing of the
Alabama Water Resources Act in 1992, to the creation of the Alabama Water Agencies
Working Group in 2011. Each time the issue of water use challenges and water resource
management rises to the state level, typically following a major drought, some forward
progress towards addressing water challenges is made such as the recent funding and
development of the first ever statewide surface and groundwater assessments as well as the
passage of the Drought Act of 2014.

However, interest fades when the rain returns and political leaders interests’ change leading
to gaps in understanding and knowledge among leaders and stakeholders as well as the risk
of starting all over and/or re-inventing the wheel. It is important that we continue to build
on the successes of our water policy history, as well as learn from the challenges. We can
only do this by ensuring that the efforts of the past are understood by new stakeholders to
this work as well as refreshing the minds of those who have been involved for many years.
The water management needs of 2021 are likely not the same as the needs of 1955 -- or
even those of 2011-- and the information and data we continue to gather only helps inform
those needs and identify any policy gaps that may still exist. This presentation will lay out the
history of Alabama water management policy in a timeline format and discuss the successes
we have achieved as well as the lessons learned in order to better inform our steps forward
to ensure accessible, affordable, and equitably shared water resources for our future.
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Abstract No. 046. Influence of manure application and soil physicochemical properties on
phosphorus leaching in pastures

Malhotra, K.1, J. Lamba?, T. Way?, S. Budhathoki® & P. Srivastava3
L Auburn University; 2USDA-ARS National Soil dynamics Lab; 3 University of Maryland

Significant amount of poultry manure produced in the southeastern United States is being
applied to pasture lands. Nutrient loss from manured pastures through surface and
subsurface pathways has long been considered as a major source of non-point source
pollution of waterbodies. Subsurface phosphorus (P) losses is significant and can lead to both
declines in crop yield as well as deterioration of water quality. Therefore, to achieve the
fundamental goal of sustainable agriculture, it is critical to evaluate the fate and transport of
phosphorus through the agricultural systems. In this study, we used rainfall simulations to
examine the effect of soil physicochemical properties, especially the soil macropore
characteristics, on the flux, fate, and transport of P. Undisturbed soil cores were collected
from Hartsells fine sandy loam soil with Kentucky 31 tall fescue pasture in Crossville,
Alabama. Treatments included surface applied poultry manure and control (no manure
applied). The leachates were collected and analyzed for ortho-P and total P along with the
measurement of soil nutrient levels. In addition to column experiments, X-ray computed
tomography (CT) was used to quantify the macropore network connectivity, which is
essential to preferential flow. Results on the effect of soil macropore characteristics on
vertical distribution and transport of P in the vadose zone will be presented.
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Abstract No. 084. /mpact of dissolved organic matter properties on iron (Ill) complexation

Malina, N. & A. Ojeda

Auburn University

In recent decades, increasing concentrations of dissolved organic matter (DOM) have been
observed in rivers and lakes worldwide [1]. Higher concentrations of DOM in drinking water
reservoirs complicate a drinking water preparation process. Aluminum or iron-based
coagulation is generally used for DOM removal from the natural water. Depending on the
DOM source and chemical composition the DOM-metal complexation capacity can change
significantly. Here, we explore how DOM of different origins, and thus different chemical
properties, influence iron (lll) complexation in water. We hypothesized that efficiency of
iron(lll) complexation on DOM correlates with the molecular size and fluorescence intensity.
We tested DOM from three different origins: leachate of coals from Pulaski County
(Arkansas, USA), Suwannee River natural organic matter (International Humic Substances
Society), and autochthonous lake (Auburn, Alabama, USA). The optical properties and
molecular size of DOM were characterized by high-performance liquid chromatography
coupled to size exclusion column (HPLC-SEC) with fluorescence detector. DOM
concentrations were adjusted to 25 mg C/L, iron (lll) chloride was added in solution at 2-20
ppm. Formed colloids were filtered through 0.45 um filter and the remaining iron
concentration was determined by spectrophotometric methods.

Prior to complexation, Suwannee River showed the higher molecular weight of fluorophores
(1,231 Da), followed by Pulaski (930 Da) and autochthonous lake (723 Da). With the
increased iron concentration the molecular weight of all studied DOM decreased, showing
that iron (Ill) binds predominantly to the higher molecular size fractions. Molecular weights
of fluorophores after addition of 20 ppm iron(lll) chloride were 673, 673 and 302 Da in
Suwannee River, Pulaski and autochthonous lake, respectively.. Fluorescence of DOM can be
associated with the functional groups that tend to form complexes. Lowest fluorescence was
observed for autochthonous lake, followed by Suwannee River and Pulaski. The lowest
molecular weight and fluorescence of autochthonous lake DOM resulted in the highest
efficiency of iron complexation at 2 and 5 ppm of iron(lll) chloride (100% removal) followed
by Pulaski (54 % removal at 5 ppm). Addition of 2 and 5 ppm of iron (lll) chloride to
Suwannee River DOM did not result in iron (lll) removal. Understanding the properties of the
DOM fractions that primarily remove by iron-based coagulation is important for improving
the drinking water treatment processes and meeting the drinking water requirements in the
changing environment.

References
[1] Anderson et al. Relative importance of organic- and iron-based colloids in six Nova Scotian
lakes. npj Clean Water (2021) 26
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Abstract No. 124. Employing a Dynamic One Health Approach in Extension and Outreach to
Reduce Impacts of Pharmaceuticals and Personal Care Products (PPCPs) on Water Quality

Mason, T., M. Dixon, R. Robinson, A. Shabel & K. Steedley

Alabama Cooperative Extension System

The presence of pharmaceuticals and personal care products (PPCPs) in our freshwater poses
a significant threat to human, animal, and environmental health. The Associated Press
estimated that pharmaceuticals were found in the drinking water supply of nearly forty-one
million Americans. Compounds and metabolites of estrogen, cholesterol, caffeine,
antibiotics, fire retardants, nicotine, and deodorizers were detected in surface waters with a
frequency of 80, 80, 80, 75, 60, 35, and 25%, respectively. The potential toxicity of these
chemicals remains unknown. However, it is evident that many wastewater treatment
facilities are not equipped to remove these compounds or their metabolites. These factors
pose an immense threat to human, animal, and environmental health in Alabama and
worldwide. Furthermore, the misuse of prescription and opioid drugs intensifies the problem
in urban and rural areas. The Synergistic Efforts to Reduce Pharmaceutical Impacts on the
Environment (SerPIE) program was created to advance knowledge, raise awareness, and
emphasize the benefits of using safe, effective methods to dispose of expired or unused
PPCPs. Using a ‘One Health’ approach, SerPIE integrates the efforts of multiple disciplines to
educate youth and adults about PPCP impacts on water quality. Over the past eight years,
SerPIE has provided 347 outreach activities and reached over 10,000 people directly. It has
partnered with Alabama law enforcement to install 13 permanent drug drop-off boxes.
Additionally, it aided in 74 drug take-back programs, resulting in the collection of over 29,000
pounds of PPCPs. SerPIE efforts have also led to over 1200 lock-your-meds pledges. It has
developed an interactive curriculum and provided training forums for at-risk clientele and
Extension educators. The program also offered experiential learning opportunities that
empowered future STEM (science, technology, engineering, and mathematics) professionals
through summer enrichment programs. Measurable outcomes from the program include
increased knowledge gained on PPCP issues based on pre/post-test measures, increased
adoption of pharmaceutical best management practices (BMPs), decreased medicine
stockpiles in homes, decreased costs associated with drug-related health issues, and
improved water quality and environmental sustainability. SerPIE also helped to increase
awareness among underrepresented and minority audiences. Overall, SerPIE has
demonstrated how a novel outreach approach can improve knowledge, promote action, and
ultimately protect water quality.
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Abstract No. 140 Building a Cross State Estuary Program during a Pandemic

McDonald, L. & W. Scheffel

Pensacola and Perdido Bays Estuary Program

Effective watershed management requires coordination between agencies and organizations
across geographic and political boundaries to evaluate ecosystem status and trends, inform
future restoration efforts, and educate communities. Comprehensive long-term
collaboration is especially needed for watersheds such as the Pensacola and Perdido Bays
that span state lines. The National Estuary Program (NEP) model has historically served as a
leader in developing community-based scientifically sound Comprehensive Conservation &
Management Plans (CCMP) for the protection and restoration of valued natural resources.
However, traditional coordination methods amongst agencies are challenged when faced
with travel restrictions, changes in budget priorities and/or staffing, and other circumstances
associated with a pandemic. Throughout the pandemic, there was an increased demand for
unbiased organizations that have the ability to connect agencies and organizations utilizing
innovative virtual technologies to overcome these challenges. The Pensacola and Perdido
Bays Estuary Program (PPBEP) is a non-regulatory program in Alabama and Florida that was
established to help inform the needs of local communities, educate the public on key issues
affecting their watersheds, and build consensus among groups to set achievable goals and
objectives for long-term success. Launching a cross-state estuary program during a pandemic
brought both challenges and opportunities. By successfully incorporating virtual engagement
tools, the program was able to engage stakeholders to collect public input and existing
environmental data to advance the development of a CCMP. Lessons learned by the PPBEP
can be utilized by other organizations to help facilitate coordination in the face of unforeseen
circumstances.
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Abstract No. 102. Calibration of Solvita® CO2 Burst system for reducing nitrogen pollution in
agronomic systems.

McEachin, A. %, E. Guertal 1, A. Gamble * & U. Singh 2

L Auburn University; 2 International Fertilizer Development Center

Over application of nitrogen (N) fertilizer causes reduced fertilizer use efficiency, and
possible drinking water contamination and eutrophication of affected waterways. Nitrogen
fertilizer is often over applied because standard soil tests do not include a well-calibrated
soil-test for N. This is partly because it is challenging to account for the N soil
microorganisms will mineralize during the growing season. Quantification of potentially
mineralizable soil nitrogen by multiweek incubations is time consuming and often not
possible for large scale commercial labs. CO2 base trap titrations and analysis with gas
chromatography are also tedious and not suitable for high volume use. The Solvita CO2 Burst
test provides an alternative that only requires a 24-hour incubation period, with evolved CO2
directly correlated to the quantity of N mineralized. The objective of this project was to
conduct incubation experiments on soils gathered from Alabama fields under a variety of
management strategies (including high crop residue) and to compare N mineralization from
that predicted via the initial Solvita test. Samples were collected from four crop rotation
systems for initial testing, with soils sampled from the 0-15cm layer for: 1) conventional
tillage corn with complete N-P-K fertilization, 2) no tillage turfgrass with minimal fertilization,
3) conservation tillage cotton with and complete N-P-K fertilization, and 3) conservation
tillage cotton with rye cover and complete N-P-K fertilization. Initial analysis have not
indicated a strong correlation between the three traditional measurement methods and the
Solvita test data.
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Abstract No. 107. Restoring Three Mile Creek One Neighborhood at a Time

Miller, C.

Mobile Bay National Estuary Program

In 2013, the Mobile Bay National Estuary Program (MBNEP) embarked upon a holistic,
watershed-based approach to guide coastal ecosystem restoration and protection measures
recommended through watershed management planning. The MBNEP’s five-year Ecosystem
Restoration and Protection strategy initiated this novel approach which prescribes
development of watershed management plans (WMPs) to ensure that restoration projects
are based in science and fit into an overall management program. A watershed approach is a
shift from traditional land use planning, where geopolitical boundaries limit what can be
done to address problems. Conversely, a WMP is concerned with areas, independent of
political boundaries, that drain to common receiving waters.

In January 2014, the MBNEP released the completed WMP for the Three Mile Creek
Watershed (TMC). The majority of TMC’s 30-square mile watershed lies within Mobile city
limits and includes portions of five City Council Districts, all three Mobile County Commission
Districts, and portions of three Prichard City Council Districts. TMC is highly urbanized with
over 90% of the land developed with greater than 37% impervious cover. Untreated
stormwater runoff and pollutant loads from developed areas discharge directly into TMC and
its tributaries. This discharge of untreated stormwater is primary among sources of surface
water quality degradation and management measures recommended in the WMP, are
currently being implemented by a host of partners to mitigate associated impacts.

The implementation of the Three Mile Creek WMP can be divided into three different
overarching programs: Environmental restoration; expanding access to the water and open
spaces along the creek through the creation of 10 miles of trail; and a comprehensive
program of community engagement to ensure each program learns from and listens to
affected residents, businesses, churches, schools and other entities to the greatest extent
feasible to ensure projects undertaken meet the needs of the communities who live closest
to the creek and its tributaries.

TMC is physically, spiritually, and historically ingrained into the fabric of the community and
presents an extraordinary opportunity to the cities of Mobile and Prichard to transform a
community liability into a community amenity and waterway destination. Improving water
quality and maintaining healthy populations of fish and shellfish are at the base of ensuring
what is most important to people living along the Gulf coast: access to natural areas;
abundant fish and shellfish; protection of heritage; environmental health and resilience; and
water that is fishable, drinkable, and swimmable.
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Abstract No. 141. Survivability of Mussels over the 13-Week Drawdown of Gantt Reservoir,
Andalusia, AL and Factors Influencing Survival

Miller, J., N. Quach, M. Patel & A. Guillaumet
Troy University

Dams require periodic maintenance, which sometimes entail reservoir drawdowns that
impact local fauna. Gantt Reservoir near Andalusia, AL, underwent a planned 13-week
drawdown for dam maintenance from September to December 2019. A previous but similar
study of a 14-week drawdown in 2017 of Point A Reservoir, located immediately
downstream, found multiple species of native mussels surviving at least 10 weeks. As part of
USFWS/FERC requirements a recovery effort was implemented in both reservoirs to collect
and relocate all federally and state listed mussels, including the largest known populations of
the federally threatened Fusconaia escambia, during the initial phase of each drawdown. As
part of this broader effort in Gantt Reservoir in 2019, we specifically sought to: (1) determine
the amount of time mussels could survive the drawdown, (2) determine factors that
influenced survival, and (3) compare our findings to results from the previous survivability
study conducted during the drawdown of Point A Reservoir in 2017. We focused on the
most common species, Elliptio pullata, as a proxy for species of conservation concern. In the
study area, there were three zones differing in depths, from which eight 50 x 50 cm quadrats
each of exposed lakebed were excavated weekly and sieved (for a total of N = 228 samples)
in the representative study area (150 meters of shoreline). For each quadrat, we estimated
depth at full pool based on bank indicators, measured substrate temperature and moisture,
and noted natural and artificial cover availability as well as substrate type (e.g., sand or clay).
Live and fresh dead mussels obtained from quadrats were identified to species, their shell
lengths were measured, and their location in the substrate (exposed or burrowed) was
recorded. A total of 875 Elliptio pullata was found over the duration of the study. Survival
declined from approximately 80% live mussels during the first week to 10% at the end of the
13-week drawdown. Factors that positively influenced survival included soil moisture, shell
size (average and slightly less-than-average individuals were more likely to survive), mussel
position in the substrate (burrowed mussels were more likely to survive as compared to
exposed individuals), and the presence of natural and artificial cover. Available cover in
some instances probably helped reduce exposure to harsh drawdown conditions, similar to
individuals found burrowed. Together with our 2017 findings from Point A Reservoir, our
study shows that a fraction of individuals of multiple native mussel species are capable of
surviving at least 10 weeks of emersion. The present study also provides insight into the
environmental conditions that enhance mussel survival (such as cover during emersion
events), and can aid in decision making associated with drawdowns and/or drought
conditions that may worsen in response to climate change.
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Abstract No. 120. ADEM Water Quality - Siltation Research

Mooney, J.

Alabama Department of Environmental Management

Sediment is a natural component of waterbodies. However, excessive levels of sediment and
siltation in a waterbody can cause significant changes to the stream morphology and also
lead to detrimental effects on the native aquatic flora and fauna. Therefore, the Department
has embarked on an innovative siltation research project that will ultimately lead to a better
understanding of the natural and acceptable levels of sediment present in the State’s
waterbodies. In doing so, the Department will be able to develop a practical and scientifically
defensible approach that can be utilized for both the assessment of waterbodies and also the
development of TMDLs for siltation impaired waterbodies.

The objective of the presentation is to provide an overview of the Department’s efforts and
to illustrate the progress made so far. The Department has employed several innovative
techniques for continuously monitoring waterbodies for siltation/turbidity and also taking
advantage of the available advances in technology to make significant strides in how water
quality data is collected and transmitted for analysis.
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Abstract No. 127. Putting Socio-economic Vulnerabilities and Risks into Perspective: Dealing
with Hurricane-Induced Extremes

Moradkhani, H.
The University of Alabama

Extreme events impose significant global-scale socio-economic vulnerability and risk that are
likely to increase in the future under climate change and human development. In particular,
flood is one of the most catastrophic natural disasters in the United States, particularly in the
Southeast states where hurricanes and tropical storms are most prevalent, causing billions of
dollars in damage annually and significant losses of life and property. The massive impacts
provoked by these extremes are clear motivation for improved understanding of the key
drivers that characterize such events. In addition, building resilience to hurricane-induced
floods or flash floods requires understanding of the socio-economic characteristics of the
societies and their vulnerability to extreme events.

This presentation discusses the notion of hydrometeorological predictability, approaches for
more reliable communication of hurricane risk and how to benefit from the linkage of in-situ
and satellite data revolution, assimilation, machine learning, and Earth system modeling to
better predict the hurricane-induced flooding. Also, | show how the confluence of
socioeconomic vulnerability and flash flood hazard can be used to identify the hotspots for
better planning and disaster management.
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Abstract No. 123. /s tidal marsh construction an effective restoration strategy to recover
nitrogen removal capacity?

Mortazavi, B. %, C. Tatariw %, T. Ledford %, S. Starr 2 & J. Cherry !

1The University of Alabama; 2 Florida State University

Long-term trends indicate loss of marshes at rates nearly 4 times higher in the 20th and 21th
century than previously. Since 1984 saltmarshes in Alabama have been disappearing at a rate
of 1106 m-2/yr; equivalent to 1% loss of marsh area per year. The disappearance of coastal
marshes has been attributed to sea level rise, urbanization, and other anthropogenic impacts
such as damming of the rivers and oil spills. Coastal marshes are especially important in
mitigating anthropogenic nutrient inputs and marine eutrophication by removing or
sequestering nitrogen before it reaches marine waters. Restoration efforts are being
promoted worldwide to mitigate the loss of ecosystem functions resulting from loss of
marsh. We conducted a year-long field study comparing nitrogen removal through
denitrification and retention by dissimilatory nitrate reduction to ammonium (DNRA) in one
2,200-year-old natural marsh (NAT) and two 33-year old constructed marshes on the Fowl
River in Mobile County, AL. We found that rates of denitrification and DNRA in surficial
sediments were similar across marshes, with the exception of greater rates of denitrification
at CON-2 than at the other two sites. However, when these process rates were measured at
5 cm increments to a depth of 25 cm to assess how plant rooting depth and organic matter
accumulation impact N-cycling, in both constructed and natural marshes denitrification and
DNRA declined with depth. In both systems, N-retention by DNRA accounted for upwards of
75% of nitrate reduction capacity. The lack of response in DNRA to labile carbon additions in
the CON2 suggested that the microbial functional community, not substrate limitation,
limited recovery in function. The recovery in N cycling processes in surficial soils suggests
that biogeochemical functions can be restored within decades and N-cycling capacity will
increase following the continued development of belowground plant biomass in constructed
marshes.
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Abstract No. 008. Application of Hydrodynamic Modeling and Flood Planning in Resilience
Assessment of Urban Coastal Regions

Nazari, R.

The University of Alabama at Birmingham

Coastal and inland flooding has been a problematic occurrence, specifically over the past
century. Global warming has caused an 8-inch sea level rise since 1990, which made the
coastal flood zone wider, deeper, and more damaging. Additionally, riverine flooding is
extremely damaging to the coastal communities’ substructure and the economy as well
which causes river banks to overflow, inundating low-lying areas. Low-lying coastal areas at
severe risk for flood hazard, sea-level rise, land depletion, economic loss, property damage,
destroy habitat destruction and also threaten human health and safety which are the main
study area of this work. A decision-making framework is being built to help mitigate the
impacts of the environmental and economical dangers of storm surges, sea-level rise, flash
floods, and inland flooding. With vigorous research and the use of innovative hydrologic
modeling, this tool can be utilized to help with resiliency planning for coastal communities.
This will allow the individuals living in a coastal community to understand the details of
climatic hazards in their area and risks associated with their communities. This tool also
suggests the best solution for the problem each community faces. The results and benefits
from the simulation and modeling techniques, allow coastal communities to choose the most
appropriate method for building a long-lasting and sustainable resilience plan in the future.
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Abstract No. 002. A “B.A.D.” Presentation — Another Way to Look at Erosion Control on a
Construction Site

Oakes, P.

Alabama Soil and Water Conservation Committee

Unfortunately, effective erosion control is often overlooked on a lot of construction sites;
however, effective erosion control that eliminates interrill erosion is the most effective
process that can be accomplished to minimize erosion and thereby minimize sediment to be
captured. This presentation discusses the importance of controlling interrill erosion and a
method to see how well visually and numerically a construction site is doing to control
erosion.
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Abstract No. 125. Hydropower’s Value in a Wind and Solar World

Odom, K.

Alabama Power

As the U.S. moves toward a net-zero-emissions future by installing more wind, solar and
other renewables, the value of hydropower is becoming more evident. Wind and solar are at
the top of the list when it comes to new renewable installations in the U.S., but total reliance
on these electrical resources can be problematic because of the unpredictability of their fuel
sources. Renewables need a stabilizing force to balance load demand with the
unpredictability of their fuel. Hydropower provides this stability and more.

Hydropower, both conventional and pump storage, is seeing a bit of a renaissance with the
increasing number of renewables. As of last year, Alabama ranked fifth in the nation in terms
of hydropower generation. There are over 20 hydropower facilities in Alabama owned by
Alabama Power, the U.S. Army Corps of Engineers, Tennessee Valley Authority, and
PowerSouth. This presentation will focus on how hydropower fills a new need in a world of
wind and solar power generation. We will look at hydropower in Alabama and discuss how it
increases the reliability of the electrical grid by providing such ancillary services as inertial
and primary frequency response, reactive power support, and black start capability.

2021 Alabama Water Resources Conference Page 79



AWRC Oral and Poster Presentations

Abstract No. 089. A decision-support tool for cost-optimal design of stormwater green
infrastructure practices

O'Donnell, F., R. Ellis, D. Biessan, J. Vasconcelos & B. Bowers

Auburn University

Urban development projects typically increase the stormwater runoff of a site by increasing
the amount of impervious area, which can also negatively impact the quality of the water
leaving a site. Often, storage-based management practices such as detention basins are used
to store runoff while it is slowly released from a site. Green infrastructure practices (GIP)
make stormwater management more cost-effective and sustainable by reducing construction
and operation costs associated with required detention storage, reducing environmental
impacts of new construction, and improving the aesthetics of a project. A common barrier to
sustainable stormwater management is uncertainty in determining the cost and selecting
from the wide range of GIPs available to designers. Our goal was to address this issue by
developing a user-friendly spreadsheet tool that helps urban planners, designers, and
engineers achieve sustainable stormwater management through cost optimization of GIPs
used in combination with detention basins. The user can select from a range of GIPs
currently available in the tool: grass channel, sheet flow, downspout disconnection, green
roof, infiltration trench, bioretention, and permeable pavement. Cost estimates are provided
for each based on the site design. A more detailed cost optimization algorithm is included for
permeable pavements due to the large number of design options and parameters for this
practice and its popularity in Alabama. Sizing and design of GIPs in the tool is based on
guidance provided by Alabama municipalities, primarily Birmingham and Auburn, and the
Alabama Low Impact Development Handbook. The Excel tool executes hydrologic
calculations in the EPA Storm Water Management Model (SWMM) from user inputs and
determines a required detention storage that accounts for the use of GIPs. The results of
these calculations can be exported to the General Algebraic Modeling System (GAMS) to
develop a cost-optimized detention basin design. Through iterative applications of the tool,
the user can quickly and easily compare the cost of GIP design options and assess the
tradeoff in cost and performance between Gl and detention storage. A preliminary version of
the tool has been developed. By presenting at the Alabama Water Resources Conference we
hope to identify stormwater management practitioners who would be interested in testing
the tool in an applied setting.
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Abstract No. 143. Variable Rate Irrigation: An environmentally sound irrigation water
management strategy

Ortiz, B., L. Bondesan %, F. Morlin !, G. Morata ? & L. Duzy 3

L Auburn University; 2 Alabama Cooperative Extension System; 3 Compliance Services

The high degree of summer rainfall variability along with short periods of drought in the
Southeast US is influencing the increase in irrigated row-crop acreage. Adoption of water
conserving irrigation practices could potentially reduce water and energy use and increase
profitability, as well as protect the environment.

Precision irrigation consisting of soil sensors (SS) for irrigation scheduling and variable rate
irrigation (VRI) was compared with conventional uniform irrigation (URI). The study was
conducted in South Alabama during the 2018 and 2019 corn-growing seasons. The SS-VRI
and URI treatments spanned the length of the field and were compared across five different
management zones (MZ) that exhibited soil and terrain differences. Soil-water tension
sensors were installed on each zone-treatment area to hourly monitor soil water changes.

Data of each irrigation application by treatment and yield were used to evaluate yield and
irrigation water use efficiency (IWUE) treatment differences by zone and year. On the two
zones covering 55% of the study field, MZ 1 and MZ 2, the SS-VRI treatment, on a two-year
average, resulted in 26% less irrigation water applied compared to the URI treatment;
however, there were no statistical difference between yields or yield variability among
treatments. Even though in MZ 4, there was not a substantial difference in irrigation water
applied among treatments, soil sensors increased the precision of irrigation rate
determination during the peak of high crop water demand. The differences in rainfall amount
and distribution changed among the study years, the soil sensor-based irrigation scheduling
showed its potential to prevent over- or under irrigation across the different field zones.
With proper management, the combination of soil sensors and VRI provides farmers with the
opportunity to reduce water use, while relative to the benefits.
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Abstract No. 083. Assessment of drought impacts on the uppermost aquifer across
Alabama: utilizing groundwater elevation data from ADEM LUST sites.

Osborne, T. & A. Arnold

Geological Survey of Alabama

In its ongoing efforts to better understand the impacts of drought to aquifers across the
state, the Geological Survey of Alabama (GSA) assessed groundwater elevation data from
Leaking Underground Storage Tank (LUST) sites administered by the Alabama Department of
Environmental Management (ADEM). The GSA believes this data can be an invaluable
addition to its current real-time and periodic groundwater monitoring network. GSA staff
evaluated groundwater elevation data maintained by ADEM on selected LUST incident sites.
As of March 2020 at least 12,220 LUST sites have been identified across the state of
Alabama. Currently 925 of these sites are under investigation or remediation. These
investigative actions involve the drilling of soil borings and construction of groundwater
monitor wells for the purpose of collecting soil and groundwater samples to be tested for the
presence of petroleum hydrocarbons. These monitoring wells are screened across the water
table of the surficial aquifer, termed the ‘uppermost saturated zone’ by ADEM. Those sites
in known susceptible drought monitoring regions of the state with a long history of
groundwater monitoring activity were prioritized as they cover a longer time period of
groundwater elevation data collection. Precipitation data from nearby rain gauges were
compared to groundwater elevation fluctuations at the LUST sites. Both precipitation and
groundwater data show profound impacts from the periods of documented drought in
Alabama over the past 30 years. In addition, rain gauge data near the LUST sites also show
increasing rainfall amounts over time notwithstanding the periods of drought. The GSA
believes that adding specific wells, with cooperation from ADEM, to the GSA real-time
monitoring network from these LUST sites across Alabama will provide important data in
understanding the impact of drought to the uppermost aquifers across the state.
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Abstract No. 074. Evaluation of porous pavements hydrological behavior on Alabama soils

Pachaly, R., F. O'Donnell, J. Vasconcelos, B. Bowers & D. Biessan

Auburn University

The implementation of Low Impact Development (LID) techniques has been a common way
to mitigate the effects of urbanization in the hydrological cycle, increasing the sustainability
of stormwater management by reducing the runoff quantity and improving the water quality.
Porous pavements are a popular LID practice across the southeast, especially in Alabama.
The recommendations and requirements on how to design such structures are overly
conservative, increasing significantly its construction cost. Some cities recommend that the
porous pavement should be treated as a surface with curve numbers (CN) in the order of 85.
However, studies show that the CN of most porous pavements is substantially lower and that
the CN number may change over time due to aging. Also, in many cases the hydraulic
conductivity of the underlying soil is much lower than the conductivity of the porous
pavement and modeling the porous pavement as a detention storage can be more
representative. Hence, it is very important to evaluate the most appropriate CN number for
porous pavements, considering its soil type, soil infiltration capacity, land use, antecedent
condition, and aging. The following study developed a model for the hydrological behavior of
porous pavement systems under the climate and soil conditions prevalent in Alabama,
accounting for their type, design features, and underlying soil characteristics. Long-term
model simulations over a range of soil and design characteristics are used to determine the
most accurate calculation method for the hydrologic behavior of porous pavements.
Preliminary results in a porous pavement located in the Lee County have shown that the CN
approach can represent the hydrological processes occurring in a porous pavement when
lower values of CN are selected. Rainfall, runoff, and water level data were collected for
calibration purposes. Once the CN for the porous pavement is established based on the
observed data, the obtained results will be incorporated in a decision support tool based on
cost optimization. This tool will provide a systematic method for stormwater planners to
consider the large number of LID options and arrive at a design solution that provides
sustainable stormwater management at the lowest cost possible.
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Abstract No. 135. Assessing the Geographic Representativeness of Irrigation Adoption
Studies

Pathak, R. & N. Magliocca
The University of Alabama

Nations around the world have been promoting irrigation expansion as a method for
improving agricultural growth, smoothing production risk, and alleviating rural poverty for
decades now. However, transitioning from rain-fed to irrigated agriculture is a complex
process. This is because adoption of irrigation is the result of a multi-faceted decision-making
process with several factors, acting on different levels, influencing that decision. This
unevenness in irrigation adoption has highlighted the need to deepen our understanding of
the several complex interacting factors that shape technology adoption decisions within the
agricultural sector.

Globally, several attempts, from different disciplinary backgrounds, have been made to
comprehend the challenges associated with irrigation adoption, specifically towards
identifying the factors affecting a farmer’s decision-making. One would think that this
decision-making process would be context or place specific. However, studies on irrigation
adoption everywhere highlight more or less the same set of factors. So, to be able to make
generalizable inferences from these studies, it is important to first gain an understanding of
the global extent of this issue, that is, where such studies are being conducted and how
representative they are of these irrigation patterns. This can be achieved through a global
representativeness analysis, which allows one to synthesize results from a collection of case
studies in order to make claims about its global patterns, based on a set of global variables
selected by the researcher.

Using this analytical approach, this exploratory research attempts to assess the geographic
representativeness of irrigation adoption studies to arrive at a geographically well-
representative sample of case studies. Further analysis would include examining the
differences in challenges associated with irrigation adoption in high vs low irrigated regions
of the world. Since, the factors affecting its adoption will vary across nations and/or within
high or low irrigated regions, it is critical to identify and understand the global patterns of
such climate change adaptations and accordingly, formulate a broad framework behind its
decision-making process.

The results from this study can also provide deep insights for future research related to
irrigation adoption within the state of Alabama, which has a large adaptation deficit, as
compared to its neighboring states. Given its tremendous diversity of agroecological regions,
surface and groundwater hydrological systems, and socio-economic conditions, irrigation
expansion has achieved limited traction within the state. Thus, suggesting the need for
developing a more holistic understanding of the different facilitating and/or constraining
factors influencing irrigation adoption that can come from either the farm-level or broader
social, economic, or institutional contexts.
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Abstract No. 021. Monitoring karst aquifers for the protection of Alabama Cave Shrimp and
Tuscumbia Darter habitats in north Alabama, USA

Ponta, G., S. McGregor %, R. Bearden ! & C. Easterwood ?

1Geological Survey of Alabama; 2U.S. Army Garrison - Redstone Environmental Management
Division

Cave ecosystems in north Alabama provide vital habitat for numerous species of
conservation concern, including the federally endangered Alabama Cave Shrimp
(Palaemonias alabamae) and the State of Alabama High Conservation Priority Tuscumbia
Darter (Etheostoma tuscumbia), among others.

The Alabama Cave Shrimp population and water quality in Bobcat Cave and water quality in
Matthews Cave have been monitored almost continuously since 1990 on Redstone Arsenal
(RSA), a U.S. Army facility in Madison County, Alabama. The Tuscumbia Darter is a fish
species known within the boundary of RSA at several springs, including Jaya Spring, which has
been monitored since December 2019. Water level, specific conductance, and temperature
data have been collected using data loggers on an hourly/daily schedule to evaluate and
document daily and seasonal flow variability.

Water-quality sampling in 2020 indicates continued steady conditions in Bobcat Cave with
little significant variation in dissolved solids, pH, and nutrient conditions compared to
previous years; while water quality in Matthews Cave continues to show the effects of urban
contaminant runoff (Matthews Cave is located next to/under I-565, while Bobcat Cave is
about 1.7 miles south of I-565), with concentrations of chloride, sulfate, and nitrate elevated
over Bobcat Cave. These populations will likely be affected by ongoing and future
developments on and off RSA in the caves/spring complex watersheds.
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Abstract No. 133. Multi-Level Influences of Center-Pivot Irrigation Adoption in Alabama

Price, A.1, R. Pathak %, G. Guthrie 2, C. Handyside 3 & N. Magliocca !

1The University of Alabama; 2 Geological Survey of Alabama; 3 Earth System Science Center,
University of Alabama in Huntsville

Agricultural communities in Alabama are experiencing some of the nation’s highest, and
most rapidly increasing, rates of poverty and economic inequality. As agriculture plays a
significant role in the statewide economy, one way to address this widespread disadvantage
is with drastic increases in farm productivity. The transition from rain-fed to irrigation-fed
(RF-to-IF) agricultural practices has been shown to significantly increase crop productivity
and farm profitability elsewhere in the United States. Despite this potential to encourage
stability and resilience in rural economies, irrigated cropland accounts for only 5% of the
state’s total cropland as numerous barriers remain to irrigation adoption in Alabama. Despite
ample annual rainfall, periodic seasonal droughts can create water restrictions, riparian
rights laws prevent access to surface water for most farms, and the initial investment and
maintenance costs for irrigation equipment vary widely throughout the state. A more holistic
approach to improving irrigation policy and practice requires identifying challenges faced by
individual farms and communities.

Adoption of irrigation is the result of a farm-level decision with several factors influencing
that decision. However, most studies only address individual-level factors related to the
farmer’s characteristics and attitudes that cannot be reliably extrapolated to a large area of
study, such as state, which is generally the level at which a policy is made. Alternatively,
studies that use agricultural census data provide measures of farm-level variables relevant to
irrigation decisions but are aggregated to county or census block levels, which makes it
difficult to connect any given farm and farmer’s specific attributes and decision-making
contexts to irrigation adoption outcomes.

In this regard, this research presents a multi-level mixed effects survival analysis to identify
the physiographic, socioecological, and economic factors that influence farmers’
receptiveness to the RF-to-IF transition. We use individual farms as the unit of analysis and
integrate spatiotemporal cropland and climatological data with field-verified locations of
center-pivot irrigation systems, local socioeconomic characteristics, and parcel-level data
regarding surface water access, soil quality, and average well depth. The results identify the
degree to which specific factors influence the timing and location of irrigation adoption by
Alabama agricultural region and highlight the incentives needed to spur the RF-to-IF
transition in Alabama.
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Abstract No. 082. Hydrogeological Investigation into the Physical Mechanisms of a spring-
fed River System, Magnolia River, Alabama

Puckett, M. 1, G. Guthrie 1 & G. Tick 2

1Geological Survey of Alabama; 2 The University of Alabama

The Magnolia River is a spring-fed river in the Weeks Bay watershed in southern Baldwin
County, Alabama. The Citronelle Formation and overlying alluvial, coastal, and low terrace
deposits underlie the Magnolia subwatershed. The Citronelle Formation ranges from middle
Pliocene to pre-Nebraskan Pleistocene age, and consists of non-fossiliferous reddish-brown,
fine to coarse sand; orange, brown, and light-gray sandy clay; and nonmarine origin clayey
gravel. In many areas, lenses with a thickness ranging from 5 to 15 ft of clayey sand and
sandy clay are interbedded with gravelly sand. Strata in the formation are not continuous,
often demonstrating abrupt vertical and horizontal changes over short distances. The
overlying alluvial, coastal, and low terrace deposits comprise up to 200 ft of Quaternary age,
gray, white and orange very fine to coarse quartz sand that locally contains orange and gray
clay lenses and gravel. These strata form two major aquifers: the watercourse and the
Miocene-Pliocene aquifer system. The watercourse aquifer is derived from the alluvial,
coastal, and terrace deposits, is unconfined, and is hydraulically connected to the underlying
Miocene-Pliocene system. The Miocene-Pliocene aquifer system consists of three distinct
water-bearing units derived from the Citronelle Formation. Water-bearing intervals are semi-
confined due to non-laterally extensive clay intervals.

Springs in the Magnolia River watershed provide a significant groundwater component to
flow; however, they are not karst in origin like springs 20 miles to the southeast in Florida.
Questions exist as to the source of the springs as there are no known structural features that
could serve as preferential pathways for the springs, and there are no large differences in
elevation that could cause major differences in hydraulic head. This study utilizes
potentiometric surface mapping combined with radon and temperature mapping to
delineate spring distributions in order to assist in the determination of the source of the
springs.
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Abstract No. 063. Predicting Field-scale Daily Evapotranspiration Using Multi-Source
Spaceborne Remote Sensing Imagery and Deep Learning

Rashid, T. & D. Tian

Auburn University

Evapotranspiration (ET) plays a fundamental role in land surface processes and water
management. In this study, we develop and evaluate a predictive ET framework using a long
short-term memory (LSTM) deep learning architecture with spaceborne remote sensing
imagery, gridded meteorological data, and ground-observed flux data from eddy covariance
network. We estimate ET using Priestley-Taylor Jet Propulsion Laboratory algorithm (PT-JPL)
with optical reflectance data (from the Harmonized Landsat Sentinel-2 dataset, HLS, and
MODIS product) and land surface temperature (LST) data (from ECOsystem Spaceborne
Thermal Radiometer Experiment on Space Station, ECOSTRESS, and MODIS product). Three
sets of input with eddy covariance observed ET from AmeriFlux network are used to train
LSTM, including 1) PT-JPL ET estimates, 2) PT-JPL ET estimates and microwave backscatter
data (from Sentinel-1 Synthetic-aperture radar, SAR), and 3) directly using optical reflectance
data, LST data, and microwave backscatter data. Results from the three experiments show
that LSTM consistently improved ET estimations compared with PT-JPL. Including microwave
backscatter as a model input significantly enhanced performance, suggesting microwave
backscatter is a complementary source of information for ET estimation. Through transfer
learning, the LSTM-based models are able to improve ET estimations at locations without
eddy covariance observations. The predictive ET framework presented here can improve ET
estimations and have potential applications in water management across scales.
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Abstract No. 073. Evaluation of bacterial and mitochondrial DNA markers for microbial
source tracking

Ren, W. &Y. Feng

Auburn University

Fecal contamination of surface water is one of the primary sources of pathogens that
adversely affect human health. Accurate identification of the origins of non-point source
pollution could lead to effective pollution control strategies. Fecal contamination sources can
be identified using quantitative polymerase chain reactions (qPCR) targeting host-associated
genetic markers in fecal bacteria or host mitochondrial DNA. This study systematically
evaluated the performance of bacterial and mtDNA markers associated with humans and
cattle. Specific parameters evaluated were the marker sensitivity and specificity, the lower
limits of detection (LLOD) and quantification (LLOQ) for qPCR assays, and genetic marker
persistence in water. The bacterial markers used in the study were HF183 and CowM3 for
humans and cattle, respectively, and mtDNA markers were HcytB and mtCow. All bacterial
and mtDNA markers showed a high sensitivity of 100%, and the specificities of the HF183 and
HcytB were 100% and 97.30%, respectively. The specificity of CowM3 (97.10%) was higher
than that of mtCow (76.56%). The LLOD and LLOQ for human- and cattle-associated bacterial
markers were lower than those of mtDNA. The persistence of these four markers was
evaluated at different nutrients levels (eutrophication water vs. artificial freshwater) and
with and without indigenous microbiota in microcosms. All markers decreased faster in the
presence of indigenous microbiota, especially for the bacterial markers. The time to reach
one log reduction (T90) for HF183 was one day shorter than that of HcytB (7.53 vs. 8.57
days). CowM3 reached T90 three days earlier than mtCow (3.15 vs. 7.26 days). In the
artificial freshwater, the T90 for HF183 was 12.8 days, significantly longer than in the
eutrophication water (T90 = 7.53 days); however, no significant nutrient effects were
observed for HcytB, CowM3, and mtCow. Our results indicate that the environmental factors
affected the persistence of different genetic markers to different extents. Although host-
associated bacterial markers appear to be more sensitive and less persistent than mtDNA
markers, it is prudent to use more than one genetic marker in microbial source tracking
studies to increase the accuracy and reliability of the fecal sources identified.
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Abstract No. 015. Gulf Sturgeon Fall Spawning: Implications for Water Management in the
Choctawhatchee River, Alabama

Rider, S. 1, D. Fox?, B. Kreiser 3, T. Powell ! & G. Miles !

1 Alabama Division of Wildlife and Freshwater Fisheries; 2 Delaware State University; 3 The
University of Southern Mississippi

Gulf Sturgeon is one of the largest fishes occurring in Gulf Coast rivers from Louisiana to
Florida. Populations were pushed to the brink of extinction in the late 19th and early 20th
centuries due to unregulated commercial harvest and, the construction of dams and
navigation locks that blocked spawning migrations. Accordingly, the species is listed as
federally threatened under the Endangered Species Act and state protected by regulation.
Although recovery is underway in some populations, risks still exist from more insidious
factors including climate change and anthropogenic changes to hydrologic cycles. As one of
the largest undammed rivers in the Gulf of Mexico, the Choctawhatchee River flows from its
headwaters in south central Alabama approximately 280 km before discharging into
Choctawhatchee Bay, Florida. There is ever increasing interest in higher water withdrawals
and constructing impoundments for irrigation and recreational uses on this current free-
flowing river, which is problematic since the Choctawhatchee River supports the second
largest Gulf Sturgeon population. Spring spawning in Gulf Sturgeon has been documented,
although anecdotal evidence suggests fall spawning may occur in some systems. During
2019, we employed a multifaceted approach to characterize Choctawhatchee River Gulf
Sturgeon spawning characteristics using acoustic telemetry, targeted egg collections, and
molecular approaches. Using these methods, we documented spawning over much longer
temporal scales than previously recorded. We suggest revisions to in-stream flow
requirements and/or limits on water withdrawals may be warranted as a means of ensuring
recovery for this species.
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Abstract No. 032. Multi-scale Fish Diversity and Flow Variability among Streams and Beaver
Ponds

Sickler, S., C. Pettengill & J. Howeth
The University of Alabama

ldentifying effects of instream flow on the biotic integrity and ecosystem function of
freshwater systems is critical to sustain Alabama’s natural resources in the presence of rapid
human population growth and environmental change. Instream flow effects on habitat
availability and water quality determine the suitability of the ecosystem to support particular
species in space and time. Beavers (Castor canadensis), as ecosystem engineers, convert
streams to ponds through the process of dam formation and may thereby alter instream
flows, ecosystem stability, and the local environment. Beaver activity along stream networks
yields a dam-formed pond, a below-dam downstream reach, and an undisturbed upstream
reach. The impact of the resulting instream habitat heterogeneity and flows on local fish
species diversity and the environment within and among habitat types remains unknown.
Here, we test for effects of beaver activity on multi-scale fish species diversity, instream
flows, and environmental variability within and among nine streams distributed across three
watersheds in the Oakmulgee District of the Talladega National Forest in Alabama. We
predict that differences in fish diversity and environmental variability among upstream,
pond, and downstream reaches will be a function of ecosystem size and instream flow.
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Abstract No. 112. Alternative Approaches to Water Quality Restoration

Sisk, L.

Jacobs Engineering Group

The U.S. Environmental Protection Agency (EPA) published “A Long-Term Vision for
Assessment, Restoration and Protection under the Clean Water Act Section 303(d) Program”
in 2013. The vision provides a new framework for implementing the CWA 303(d)
requirements and includes specific goal statements and a timeline to guide EPA, States and
Tribes to achieve the goals of the Section 303(d) program.

The fourth goal statement addresses “Alternatives”: “By 2018, States use alternative
approaches, in addition to TMDLs, that incorporate adaptive management and are tailored to
specific circumstances where such approaches are better suited to implement priority
watershed or water actions that achieve the water quality goals of each state, including
identifying and reducing nonpoint sources of pollution.” These “Alternative Restoration
Plans” are expected to offer more immediate water quality benefits and provide a more
practical path to water quality restoration than the typical TMDL approach. The impaired
waters remain on the list of waters awaiting TMDL development (Category 5) but are
referred to as 5-Alt streams as the alternative restoration approach is implemented.
Successful water quality restoration removes the waterbody from the impaired waters list
without the need for a formal TMDL.

Case studies examining the use of alternatives to TMDLs will be presented and examples of
potential candidate watersheds for alternative restoration plans will be discussed.
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Abstract No. 060. Effect of climate change on rainfall erosivity in Southeastern, United
States

Srivastava, P. 1, J. Lamba 2, R. McGehee 3, H. Kumar 2 & D. Tian 2

LUniversity of Maryland; 2 Auburn University; 3 Purdue University

Climate change is expected to change erosion rates as the erosive power of rainfall will most
likely change due to changes in rainfall characteristics (e.g., intensity, duration, frequency,
and subsequently energy). According to the Intergovernmental Panel on Climate Change
Fourth Assessment Report (IPCC AR4), it is projected that by mid-21st Century the rainfall
across the southeastern US will both increase and decrease in intensity. Since erosivity is
greatly affected by rainfall intensity, it is expected that rainfall erosivity will be greatly altered
as well. Few studies have estimated the impact of future climate changes (e.g., rainfall
intensity) on rainfall erosivity across the US or around the world. Furthermore, previously
published erosion indices (based on historic data) have discrepancies due to the differences
in methodologies (primarily due to omission of small and low rainfall intensity) adopted by
those studies. Therefore, the objective of this study was to estimate changes in erosion
indices for the period 2030-2059 using the benchmark rainfall indices established for the
southeastern US by a recent study. Hourly precipitation data from 2030-2059 were retrieved
for two climate models from the North-American Coordinated Regional Downscaling
Experiment (NA-CORDEX)) datasets under the Representative Concentration Pathway (RCP)
8.5. The data was then temporally downscaled and bias-corrected using the quantile-based
mapping method. The temporally downscaled and bias-corrected rainfall intensity data were
then used to calculate future erosivity and compared to the recently established erosivity
benchmark to estimate expected changes in rainfall erosivity in the future. The presentation
will provide the results on changes in erosion indices as a result of future climate changes.
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Abstract No. 121. Tree-Ring Reconstructions of the ACF River System to Inform Alabama
Water Policy

Therrell, M., J. Corbin, G. Tootle, E. Elliott & B. Bearden
The University of Alabama

Increasing community resilience to the hazards posed by streamflow variability requires
understanding the full range of long-term natural variability as well as the frequency and
magnitude of extreme hydrologic events (e.g., drought) in relevant river systems such as the
ACF. We have developed annually resolved tree-ring reconstructions of warm-season
(March-October streamflow for the ACF and select tributaries, for the past 500-1,000 years.
These reconstructions explain ~50% or more of the instrumental streamflow variance at
multiple unimpaired gages. Our reconstructions demonstrate that recent multi-year average
flows (~2000 to present) were among the lowest in the ~1,000-year record and although
consumptive withdrawals may exacerbate low flow conditions, observed regional
precipitation and streamflow from unimpaired gages display substantially similar decadal
declines. Given the current lack of a comprehensive water policy in Alabama was well as the
ongoing litigation over ACF interstate water resources, it is imperative that the paleo record
be used to inform water policy and management plans in Alabama.
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Abstract No. 115. Watershed Scale Assessment, Analysis, and Prioritization: A GIS Approach
to Whole System Modeling

Throneberry, J., A. Reynolds & G. Pearson

The Nature Conservancy of Alabama

The Southeastern United States supports the highest aquatic biodiversity of any other region
in North America. Many factors, including stream diversity, habitat diversity, geological
variation, and seasonal variation contribute to our regions unsurpassed freshwater diversity.
Although Alabama ranks as one of the top five most biologically rich states in the nation, it is
also foremost in the number of imperiled species, rate of endemism, and species decline.

To address the ever-growing threats faced by the stream systems of Alabama, it is necessary
to use a watershed-scale conservation approach. Over the past 20 years, The Nature
Conservancy (TNC), along with its local, state, and federal partners, has demonstrated how to
develop and implement a successful watershed-scale protection and restoration
methodology. Our extensive and persistent work in Alabama’s most biodiverse watersheds
includes over 40 conservation and restoration projects. This approach has been a case study
in successful assessment, prioritization, and implementation of restoration activities in our
focal watersheds.

The Nature Conservancy of Alabama currently has 5 priority watersheds, each of which is at
different stages of watershed scale assessment, prioritization, and restoration. We are
currently working with partners to assess physical, chemical, and anthropogenic stressors of
each river system, analyze data to highlight watershed health and stress points, and use this
information to prioritize protection and restoration locations and activities. Private and
public landowners are critical to the protection and restoration phase of conservation. TNC
leverages private and public funds targeted toward restoration, protection, and
implementation projects. This collaborative approach continues to drive efforts of TNC and
partners to maximize conservation benefits.

To prioritize conservation, protection, and restoration needs, TNC utilizes the stream
assessment method known as the Bank Erosion Hazard Index (BEHI). We have automated
and standardized this methodology through a custom-built ArcGIS Pro model. The model
allows us to reduce analytical error and time spent on processing data after it has been
collected in the field. This new modeling tool allows us to more efficiently identify the
highest priority restoration areas within a watershed and target priority landowners to
establish working relationships and implement conservation practices. Working with limited
funds, this tool will help us focus our efforts in the most critical restoration areas of these
watersheds.
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Abstract No. 045. Paleo-records of sea level, floods, and storms in the Mobile Bay and
Weeks Bay estuaries: Implications for future change in Alabama

Totten Minzoni %, R., A. Lehrmann 1, D. Wallace 2, E. Elliott * & S. Monica 2

1The University of Alabama; 2 University of Southern Mississippi

The Mobile Bay system began to flood during post-glacial sea-level rise during the Early
Holocene, culminating in formation of the estuary during an extreme sea-level event 8.2 ka.
The rate of sea-level rise today is ~3.2 mm/yr, which is similar magnitude to the rate when
Mobile Bay formed. It is critical to understand the environmental and ecological changes
associated with past extreme sea-level rise events so that we may better prepare for future
change in these economically important estuaries and their coastlines. Associated with
climatic changes is changing storm and flood frequency, which is not well constrained in the
Southeastern US. We aim to address these knowledge gaps with new sediment records from
the Alabama coastal system.

We collected piston cores from central bay settings of the linked Mobile-Weeks bay system,
outside sandy delta lobes yet within range of suspended sand transport during large storms.
Grain size and handheld X-Ray Fluorescence were measured continuously to develop long-
term frequency of floods of the Mobile-Tensaw and Fish rivers, as well as frequency of land-
falling marine storms. Stable carbon and nitrogen isotopes were analyzed to evaluate
changes in nutrient source. Foraminifera and diatom plankton assemblages were analyzed to
evaluate salinity, hypoxia, and nutrient conditions.

Here we present a flood record from Weeks Bay and a mixed flood and storm record from
northern Mobile Bay. The comparison yields important information about changing flood
frequency during the Holocene, with more frequent storms in the last 2,000 years than in the
preceding 3,000 years. Moreover, storm and flood frequency are both characterized by
relatively quiescent periods from 900 to 500 years ago and 1,800 to 1,500 years ago, which
may be associated with important transitions during the Subatlantic Climate Period, including
the Medieval Climate Anomaly and the Little Ice Age.
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Abstract No. 070. A State-Wide Survey of the Spatial Distribution of Perfluoroalkyl
Substances (PFAS) in Alabama

Viticoski, R., V. Mulabagal, S. Rogers, D. Blersch & J. Hayworth

Auburn University

Per- and polyfluoroalkyl substances (PFAS) are a large group of synthetic chemicals used in
many industrial applications and consumer products due to their stain-, oil-, water-, and fire-
resistance properties. Recently, PFAS have received increased attention because of their
ubiquity in the environment and adverse health effects in humans and wildlife. PFAS have
been previously identified in several areas in Alabama, but the extent of contamination in the
state is still unknown. This study aimed to determine the spatial distribution and transport
characteristics of 17 PFAS across ten river basins in Alabama.

Seventy-four surface water samples were collected in the summer of 2020 in the major river
systems of Alabama. The 2 L samples were transported to the laboratory, processed, and
analyzed for targeted PFAS using an ultrahigh-performance liquid chromatography tandem
mass spectrometer (UHPLC-MS/MS). At least one PFAS was detected in 88% of samples, with
sum of PFAS (>PFAS) levels reaching up to 237.3 ng L-1. Short-chain PFAS accounted for 76%
of the PFAS in the samples, likely a reflection of the phase-out of many longer-chain PFAS.
The highest YPFAS levels were found in the Coosa and Alabama rivers, while PFAS were not
detected at measurable levels in the Escatawpa, Conecuh, and Yellow Rivers.

Selected tributaries to Mobile Bay were also sampled, and >PFAS levels were substantially
higher in the western tributaries, possibly related to the high industrial activity in that area. A
mass flux analysis was conducted to better understand the transport of PFAS in Alabama’s
major river systems. Mass flux was calculated by multiplying SPFAS levels at a given location
by the 48-h average volumetric discharge rate.

A consistent increase in the mass flux of PFAS was observed as rivers moved downstream
through Alabama, indicating the presence of local sources within catchments and river
basins. Results from this study suggest a widespread occurrence of PFAS in Alabama and are
expected to aid governmental agencies in addressing PFAS contamination in Alabama.
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Abstract No. 029. Can water governance reform avert a global water crisis?

Wallace Pitts, M.
The University of Alabama

Water — a human right but increasingly threatened globally - faces many challenges.
Temporal and spatial variability and uncertainty, quantity and quality deficits, rapidly
increasing climate variability and extremes, equity, diplomacy, security, and legal concerns all
contribute to a vulnerable and unsustainable resource.

Global leaders in water (OECD, GWP, UNDP, WIN and others) believe that inadequate water
governance lies at the heart of the global water crisis. Experts agree that change is needed
but a general model for reform has not been proposed.

Using global, national, and local case studies, this paper traces the evolution of water
governance and the resulting deficiencies. Proposals for reform including adaptive
environmental governance models and place-based collaborative approaches are presented.
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Abstract No. 033. Ancient Algal Blooms: Did ancient societies like the Maya experience
water quality degradation similar to today?

Waters, M. 1, M. Brenner 2 & J. Curtis 2

L Auburn University; 2University of Florida

Climate change and terrestrial environmental impacts from erosion and deforestation are
known stressors to ancient Maya societies. Whereas the scarcity of water has been noted
from previous studies, much less is known concerning degradation in water quality. Harmful
algal blooms, toxic cyanobacteria, and anoxia are frequent occurrences in modern societies
where dense populations or extensive land use are adjacent to aquatic ecosystems. Here, we
measured biomarkers for cyanobacteria and the cyanotoxin, microcystin, on a sediment core
collected from Lake Amatitlan, Guatemala, which is currently in a toxic and hypereutrophic
state.

Paleolimnological evidence shows that historic periods of harmful algal blooms and
cyanotoxin production coincided with Maya occupation during multiple time periods. The
most intense periods of paleo-cyanotoxin production coincide with alterations to the water
system of the Maya city of Kaminal Juyu while cyanobacteria maximum abundance coincided
with heightened development of the rural Valley of Guatemala. These periods of
hypereutrophication and toxin production rival the modern hypereutrophic state in both
magnitude and toxicity.

While water quality degradation is not considered to be a primary stressor to ancient Maya
societies, the conditions of Lake Amatitlan during historic occupation could have impacted
water potability as well as toxin transfer to crops and food sources associated with the lake.
These historic hypereutrophic episodes demonstrate that cultural eutrophication is not a
modern phenomenon and should be considered when reconstructing ancient societal stress.

2021 Alabama Water Resources Conference Page 99



AWRC Oral and Poster Presentations

Abstract No. 056. Variations of Nutrient Deposition and Transport between Agricultural and
Urban Watersheds through Time

Webster, B.1, M. Waters ! & S. Golladay ?

L Auburn University; 2Jones Center at Ichauway

Reservoirs are a growing interest both nationally and globally because of their importance as
a water supply to their surrounding communities. This water demand is often exacerbated by
the fact that reservoirs service growing transboundary communities. Such is the case for the
local ACF (Apalachicola-Chattahoochee-Flint) watershed between Alabama, Georgia, and
Florida. As important as water supply is, we cannot lose sight of water quality, which can be
degraded by continued stressors from anthropogenic nutrient loading. Phosphorus, possibly
the most impactful freshwater nutrient, is often considered to enter streams and reservoirs
from either point sources (wastewater treatment facilities or other industries) or nonpoint
sources (direct landscape runoff like agricultural areas). Over the past century, watershed
land use has developed larger areas of both urban and agricultural spaces. These changes to
landscape in watersheds have been known to have major impacts on freshwater resources.
However, there is a knowledge gap of how urban and agricultural dominated watersheds
impact reservoir water supply differently. To investigate this gap, we utilized
paleolimnological techniques using sediment cores, allowing us to qualitatively identify shifts
in nutrient deposition through time. We collected seven total sediment cores from the
reservoirs within both the Chattahoochee and Flint watershed, to determine variations and
potential mechanisms between these respectively urban and agricultural watersheds.
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Abstract No. 026. Sediment Risk Index: Crossing Structure and Landscape-Level Influence on
Aguatic Organism Passage in Alabama

West, D.

Geological Survey of Alabama - Ecosystems Investigation Program

The Southeastern U.S. is an aquatic biodiversity hotspot. However, many species are at risk
from habitat fragmentation. Assessments confirming the ecological importance of providing
aquatic organism passage (AOP) through road-stream crossings for all aquatic species during
all stages of life are needed to ensure robust communities and healthy populations.
Connectivity of stream reaches and channels is necessary for species to access spawning
grounds and allow for successful reproduction and adequate gene flow among populations.

A common cause for stream reaches to become isolated is perched crossing structures
(culverts), which restrict the movement of aquatic organisms during critical time periods.
Perched culverts result from erosion on the downstream side of the crossing related to
hydrologic changes in the stream altered by the crossing structure. Increased erosion
degrades habitat downstream through bank destabilization and burying of primary habitat
under excessive sediment, which can suffocate bottom dwelling species. To determine if
aquatic organism passages are influenced by structure features or landscape-level factors, a
sediment risk index dataset was analyzed to define sites with and without AOP barriers. Sites
determined to feature aquatic organism passage barriers were then cross-referenced with
ArcGlIS physical geography layers to create generalized linear models for evaluating which
variables influence AOP barrier presence.

Analytical results suggest statistically significant trends for correlating factors in both
landscape-level and crossing structure features for aquatic organism passage barriers. The
results will assist in identifying crossing structure features or areas that are more likely to
feature an AOP barrier and could streamline restoration efforts by prioritizing crossing
structure replacements, or influencing crossing structure design for new installations,
thereby improving watershed connectivity and habitat availability for aquatic organisms.
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Abstract No. 017. /nvestigating Chloride Concentrations in a Coastal Aquifer of the Gulf of
Mexico: Methods and Results in the Chicot Aquifer of Southwest Louisiana

White, V.

United States Geological Survey

Saltwater is often present in the vicinity of fresh coastal groundwater sources. As pumping
conditions change over time, increases in chloride concentrations may become a concern if
saltwater moves inland. Groundwater becomes increasingly unusable as it exceeds various
chloride concentration thresholds for public supply, industrial, and irrigation needs. Well point
samples are a common means of gathering data to characterize chloride conditions of
groundwater. Typically, these points are interpolated to form 2-dimensional, aerial,
representations of groundwater quality. However, there are challenges to using this method
to characterize chloride concentrations including changes in concentrations due to natural
vertical flows of groundwater, induced vertical flows from water-use withdrawals, and density-
driven groundwater movement. In addition, temporal trends in chloride concentrations can
exhibit different characteristics in different parts of an aquifer system. In the Chicot aquifer of
southwest Louisiana, these issues were addressed by utilizing a combination of extensive data
mining to feed an integrated analysis using geostatistical interpolation, temporal trend
analysis, and depth trend analysis to produce the most comprehensive assessment of the
aquifer to date. These results will serve as an adjunct to interpretation of an airborne
geophysical survey of this aquifer system to be completed in the next few years. Other
derivative benefits include easy adaptation to other aquifers to serve as a standalone product
or as input to the growing application of machine learning analysis methods.
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Abstract No. 066. Expanding Utilization and Comprehension of Coordinated Needs
Management Strategy: Understanding Where Floodplain Mapping Scope Comes From

Zanotti, J.

Wood Environment & Infrastructure Solutions, Inc

Coordinated Needs Management Strategy (CNMS) has become a primary tool for how FEMA
organizes, stores, and analyzes flood hazard mapping needs information for communities.
Understanding its components helps inform how FEMA uses it current validity standards to
decide which streams need to be updated and which do not. Every 5 years that a flood study
has been completed it must go through a validation process to deem whether it should
remain valid or be slated for restudy. This database of valid and not valid stream lines helps
FEMA create the scope of which streams in your community are to be studied within a given
funded watershed project. This presentation will cover how CNMS is maintained and how
streams go through a stringent validation processes that guide the validation process as well
as how proper maintenance of CNMS is vital to getting the most value out of flood study
projects.
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Poster No. PO02. Phosphorus Loss in Runoff from Soils with Different Soil Test Phosphorus
Ratings

Bhatta, A.}, R. Prasad?, D. Chakraborty?, D. Watts? & A. Torbert!
1Auburn University; 2USDA-ARS National Soil Dynamics Lab

Phosphorus (P) application at rates greater than the crop requirement leads to build-up of
soil P level in agricultural lands. Soils containing high P concentrations when transported via
surface runoff during storm events can accelerate the tropic status of a waterbody and
promote eutrophication. The objective of this study was to evaluate the differences in P
loads in runoff water from soils having distinct soil test P ratings (STP) and determine the
differences in P loads in immediate and subsequent rainfall occurring within 24 hours.
Artificial rainfall simulations (70 mm h-1 for 30 min runoff duration) on runoff plots (1.52 m
X 3.05 m size) were conducted at 4 sites (4 plot at each sites) on a hay field receiving swine
effluent multiple times during the year. Among the 4 sites, 1 and 2 had “extremely high”
(143 mg kg-1 and 236 mg kg-1 Mehlich 1 P for site 1 and 2, respectively) STP rating whereas
site-3 had “high” (28 mg kg-1, Mehlich 1 P) and 4 had “very low” (5 mg kg-1, Mehlich 1 P)
STP rating. The runoff samples were collected at five minutes interval for 30 minutes post
runoff generation and analyzed for dissolved reactive P (DRP) and total P (TP). Flow-
weighted mean concentration (FWMC) was calculated as the mass of nutrient loss (total
load) in 30 minutes runoff duration divided by the total volume of runoff during that period.
Phosphorus loadings in runoff for each site was determined by multiplying flow-weighted
mean concentration and the total discharge. In the first rainfall simulation, the sites with
“extremely high” and “high” STP ratings (i.e., sites 1, 2 and 3) had a DRP loading of 35 g ha-
1, 258 g ha-1 and 65g ha-1, respectively. The minimal DRP loading (7 g ha-1) was found at
site-4, which had “low” STP ratings. After the second rainfall simulation (performed 24-hour
after the 1st simulation) the total DRP load were 35 g ha-1, 251 gha-1,57gha-1and 15 g
ha-1 for sites 1, 2, 3 and 4, respectively. The TP loads in first rainfall simulation were 57 g
ha-1, 310 g ha-1, 79 g ha-1, and 28 g ha-1 whereas the TP loads in second rainfall simulation
were 46 g ha-1, 416 g ha-1, 102 g ha-1 and 18 g ha-1 for the sites 1, 2, 3, and 4, respectively.
The TP load increased after second rainfall simulation in sites 2 and 3 whereas there was
slight decrease in TP loadings in site 1 and site 4. The findings suggested that the soils with
higher STP levels are of greater environmental concern and best management practices to
reduce P loadings should be implemented wisely.
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Abstract No. PO03. Validating Straight Pipe Modeling in Rural Alabama
Blackwell, A.%, A. Greer?, S. Cohen! & M. Elliott!

1The University of Alabama; 20Oregon Institute of Technology

Roughly one quarter of US residents lack access to a centralized sewer system, leaving them
to rely on conventional onsite septic systems that require subsurface discharge. However,
local stakeholders report that raw sewage discharges to the ground surface (via so-called
straight pipes) are common in some poor rural areas of Appalachia and the Southern US.
They report that straight pipes are especially common in the impermeable clay soils and
shallow chalk of central Alabama. In some US counties, up to 50% of unsewered homes use
straight pipes (Maxcy-Brown, et al 2021). These discharges are estimated to result in
hundreds of thousands of gallons of raw sewage discharged to the ground every day.
Despite reports that straight pipes are widespread and their troubling potential to impact
health, there has been no national effort to assess the problem.While there are many areas
in rural Alabama suffering from impermeable soil and rural poverty, the prevalence and
location of straight pipes are unknown; site-by-site surveys would be prohibitively
expensive and may face opposition from local residents. Estimating the number and
location of straight pipes and the volume discharged would allow legislators and
stakeholders to prioritize wastewater projects and justify spending based on clearly defined
benefits. The prevalence of straight pipes varies across counties and communities. Our
preliminary analysis indicates that these differences are likely based on two main factors:
soil characteristics and rural poverty. We have developed a GIS model to map the risk of
straight pipes in rural areas of Alabama. The model was built using available data including
USDA soil surveys, USGS digital elevation models, and property information from county tax
assessors. We are working to validate the model in spite of the data gap for this problem,
using local expert knowledge surveys. We are also working on novel methods of visualizing
the model output to better contextualize and communicate the problem, including
estimating the number of people directly impacted and the accumulation of raw sewage
into local streams.

References: Maxcy- Brown, J., Elliott, M., Krometis, L., Brown, J., White, K., and Lall, U.
(2021) Making Waves: Right in our Backyard - Surface Discharge of Untreated Wastewater
from Homes in the United States. Water Research, Volume 190, 2021.
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Abstract No. PO0O4. Investigation of Straight Pipes in Alabama and throughout the U.S.
Maxcy-Brown, J.! & M. Elliott?
1The University of Alabama

The surface soils of the Black Belt region of Alabama are largely impermeable shrink- swell
clays that prevent wastewater infiltration, causing conventional septic systems to fail. The
poverty and lack of access to sewer systems in the region has led to widespread septic
system failure and the use of so-called “straight pipes”. These straight pipes and failing
systems produce conditions in which raw sewage is found on the ground adjacent to 50% or
more of the rural homes in some Alabama counties (White and Jones, 2006). For example,
Wilcox County surveys show &gt;60% of unsewered homes had straight pipes that were
visible upon inspection (Elliott et al., 2017); it is estimated that nearly 400,000 gallons of
raw sewage are discharged daily in Wilcox County alone. These challenges are not unique to
the Black Belt region or to Alabama, septic system failures and straight pipes occur
throughout the country. Straight pipes have been documented in 15 U.S. states with more
than 40% of homes having straight pipes in some counties (Maxcy-Brown et al., 2021).
Despite preliminary evidence of water quality and health effects from elevated
concentrations of fecal microbes and evidence of parasitic worm infections (Badham, 1993;
Elliott et al., 2017; McKenna et al., 2017), there has been no national effort to estimate the
use or impacts of straight pipes. This situation developed and persists due to diverse and
complex geological, technical, regulatory, social and financial challenges. We identify the
characteristics of areas with large proportions of straight pipes, propose ways to improve
quantification of straight pipes and discuss efforts to increase knowledge of their adverse
effects. We also describe the role of new and pending government programs in encouraging
reporting and providing solutions. Numerous parallel efforts are underway with an
interdisciplinary team across multiple universities to characterize the nature and scope of
the problem in addition to developing and implementing solutions.

References:Badham, A. (1993). Wilcox County Needs Assessment. University of Alabama at
Birmingham School of Public Health.

Elliott, M., White, K., Jones, R., Das, P., Price, M., Stevens, Z., & Lu, Y. (2017). Surface
Discharge of Raw Wastewater among Unsewered Homes in Central Alabama. EPA
Decentralized Wastewater Webinar Series. https://www.epa.gov/septic/surface-discharge-
raw-wastewater-among-unsewered-homes-central-alabama

Maxcy-Brown, J., Elliott, M. A., Krometis, L. A., White, K. D., Brown, J., & Lall, U. (2021).
Making Waves: Right in our backyard- surface discharge of untreated wastewater from
homes in the United States. Water Research, 190, 116647.
https://doi.org/10.1016/j.watres.2020.116647

McKenna, M. L., McAtee, S., Bryan, P. E., Jeun, R., Ward, T., Kraus, J., Bottazzi, M. E., Hotez,
P.J., Flowers, C. C., & Mejia, R. (2017). Human Intestinal Parasite Burden and Poor
Sanitation in Rural Alabama. The American Society of Tropical Medicine and Hygiene, 97
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Abstract No. PO05. Quantification of soil macropores in hillslope pastures using X-ray
computed tomography

Budhathoki, S.1, J. Lambal, P. Srivastava?, K. Malhotra®! & T. Way?
1Auburn University; 2 University of Maryland; 3 USDA-ARS National Soil Dynamics Lab

Soil macropores largely control the transport phenomenon of water and solutes in the
subsurface. Macropores act as preferential flow paths between surface and groundwater,
which has major effects on land degradation and groundwater quality. Hence, it is
necessary to quantify soil macropore characteristics to relate it with the preferential flow
behavior and contribute to the development of some reasonable mathematical model. In
the past few years, X-ray Computed Tomography (CT) has emerged as a powerful technique
to quantify and visualize the 3D soil macropore characteristics. The objective of this study is
to use Xray Computed tomography and image analysis to characterize soil pore structure,
which is essential for developing realistic models that describe the water and solute flow. A
total of 18 undisturbed soil columns (150 mm diameter and 500 mm depth) were collected
from the sand mountain research extension center, Alabama, during May 2019. Six different
replicates were collected from each topographical location within the field and scanned
using a medical computed tomography (CT) scanner to produce images with a voxel size of
0.3516*0.3516*0.625 cubic mm. A public domain software program Fiji (a distribution of
Imagel) was used to analyze and quantify the images obtained from the CT scanner. Results
on variability in soil macropore characteristics, including macroporosity, macropore
number, and macropore equivalent diameter as a function of soil depth and slope positions
within the 500 mm soil profile were interpreted from X-ray computed tomography, to
analyze soil structure. Thus, the results of this study provided quantitative information of
different soil macropore characteristics that have significant implications for the flow
prediction and modeling.
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Abstract No. PO07. Geographically Isolated Wetlands in the Southeastern United States
Serve To Store and Process Nutrients from Agricultural Watersheds

Eggert, C.1, M. Waters?, S. Golladay?, F. O'Donnell* & C. Barrie?
1Auburn University; 2The Jones Center at Ichauway

The karst geology of the southeastern United States promotes many geographically isolated
wetlands (GIWs). Although GIWs offer flood mitigation, pollution filtration, and habitat-
supporting biodiversity, they are excluded from federal legal protections under the Clean
Water Act. The Dougherty Plain region supports intensive pivot- irrigated agriculture,
which can degrade wetland quality through the runoff of sediment and reactive nutrients
(N, P, and organic C). However, the spatial distribution and temporal storage of these
materials are poorly understood. Here, we investigated the biogeochemical deposition of
agricultural runoff in GIWs through the use of paleolimnological techniques to determine
the temporal and spatial alterations of nutrient delivery and deposition. Surface sediment
samples and sediment cores were collected from agricultural and forested reference-areas.
Results show that agricultural wetlands exhibit organic matter deposition deeper into core
stratigraphy suggesting increased storage and preservation when compared to reference
wetlands. Unexpectedly, N in the agricultural wetlands is low but constant through time
(0.2+0.08%). It is proposed that seasonal drying has led to elevated denitrification thus
reducing N storage. Phosphorous levels, on the contrary, are elevated in the agricultural
wetland (0.9£0.2 mg g-1) compared to the reference wetland (0.2+0.2 mg g-1). Elevated
micronutrients Mg (0.7+£0.1ppm) and Ca (3+£0.3ppm) in the agriculture wetlands could be
indicative of the application of Dolomitic limestone used to neutralize soils. Spatial
distribution of sediment deposited differs with reference wetlands displaying
heterogeneous organic matter accumulation in comparison to homogenous distribution in
agriculture wetlands. Even in intensively farmed areas, remaining GIWs provide processing
and storage of nutrients capable of improving water quality prior to groundwater recharge.
This study is designed to provide recommendations to stakeholders on best practices to
manage runoff and maintain wetland function at a field and landscape scale.
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Abstract No. PO08. Towards an Evolutionary Data Assimilation System: The Value of Soil
Moisture and Evapotranspiration in Drought Monitoring

Gavahi, K., P. Abbaszadeh & H. Moradkhani
The University of Alabama

Soil moisture (SM) and evapotranspiration (ET) are two important variables in hydrologic
and land surface modeling with a strong relationship. In this study, the effect of multivariate
assimilation of remotely sensed soil moisture and evapotranspiration on drought
monitoring is examined. Numerous efforts have gone into the assimilation of satellite soil
moisture observations into land surface models, but little attention has been given to the
combined use of soil moisture and evapotranspiration. In this study, we assimilate two
remotely sensed data, namely SMOPS, and MODIS evapotranspiration (MODIS16 ET), at the
1-km spatial resolution, into the VIC land surface model utilizing an evolutionary particle
filter method. To attain this, a fully parallelized framework based on model and domain
decomposition using a parallel divide-and-conquer algorithm was developed and
implemented over the Apalachicola—Chattahoochee—Flint (ACF) basin in the Southeastern
United States. The findings show improvement in soil moisture predictions by multivariate
assimilation of both ET and SM as compared to univariate assimilation scenarios. Moreover,
monthly and weekly drought maps are produced using the updated root-zone soil moisture
percentiles over the ACF basin. The results were then compared against the corresponding
US Drought Monitoring System archive maps. The findings of this study are consistent with
the USDM maps during the winter and spring season considering the drought extents,
however, the drought severity was found to be slightly higher according to the DA method.
Additionally, we found out that ET assimilation results in wetter conditions comparing to
open-loop and univariate SM-DA while the multivariate DA then combines the effects of the
two variables and provides an in-between condition.
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Abstract No. PO09. Center Pivot Irrigation in Alabama
Green, S.
The University of Alabama in Huntsville

The Alabama Water Use Reporting Program, administered by the Alabama Office of Water
Resources, is used to register and collect data on agricultural water use across the state, but
this program may not include all irrigated land and there is no way of checking to see the
accuracy or validity of reported acreage. Because of this, there is a lack of a comprehensive
inventory of statewide irrigated acreage that is widely available. Irrigation in Alabama can
be a substantial water consumer, therefore it is important to monitor and manage water
demand especially as the amount of irrigated acres increases. The goal of the Center Pivot
Survey project is to address this lack of data by creating an acreage and irrigation map of
center pivot locations across the state of Alabama, which is not the only irrigation method
used but is common with crops like corn, cotton, and soybeans. Visual interpretation was
applied over a very high-resolution dataset to estimate the total irrigated acreage, mapping
each field’s location and area. The data used for this project is from the USDA National
Agricultural Imagery Program (NAIP) and is digital ortho-photography taken during the
growing season. Because this process is done by visual survey, there are some limitations,
such as pivot locations not being identified or incorrectly identified. Furthermore, as center
pivot irrigation is not the only irrigation method used, this will not be a comprehensive list
of irrigation in Alabama. Despite these limitations, this dataset can be used for a wide
variety of things, such as agriculture and irrigation modeling or as a resource for decision
makers. This poster will highlight the preliminary analysis of the most recent survey
underway (2017 and 2019) and compare the results with the past surveys.
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Abstract No. PO10. Hydroclimatic trends in the Mobile Bay Basin from 1979 to 2018
Haas, H., L. Kalin & D. Tian
Auburn University

Sustainable watershed management and planning may increase the availability of water
resources while reducing flood and drought risks. To achieve this, a comprehensive
understanding of streamflow trends and regimes is essential. Declining trends in streamflow
have been reported at many streamgages throughout the Southeastern U.S. However, a
thorough assessment of streamflow trends and its key drivers in the Mobile Bay watershed
(MBW), a nationally relevant basin, is lacking. This study addresses this issue by analyzing
streamflow trends during the period 1979-2019 at 35 watersheds (HUC 10) within the MBW
domain using the Mann-Kendall test. A decreasing trend in mean annual streamflow has
been identified in 28 out of the 35 selected USGS gauges. Results from a cluster analysis of
the trends revealed similar spatial pattern of (i) streamflow, precipitation, and Normalized
Difference Vegetation Index (NDVI), and (ii) temperature and evapotranspiration (ET). The
findings suggest that watersheds that have undergone deforestation also witnessed
decreasing precipitation trends, which combined with the simultaneous increasing trends of
temperature and ET resonating in declining trends of mean annual streamflow. Additionally,
a series of geographically weighted regression models (GWRM) were developed to identify
the key drivers of annual streamflow across the MBW. Results demonstrate that
precipitation explains most of the streamflow variation in the basin and that additional data
(e.g., land use and land cover change, irrigation, surface water withdrawals) are required to
enhance the model’s explanatory power.
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Abstract No. PO11. Geochemical Controls on DOM-Arsenic Complexes
Herron, C., N. Malina & A. Sullivan Ojeda
Auburn University

Arsenic (As) contamination is a worldwide environmental health issue, and it is crucial to
understand mechanisms responsible for As mobility in aqueous systems. Dissolved organic
matter (DOM) provides binding sites for As therefore impacting the As mobility in these
systems. However, changes in environmental conditions (e.g. pH and salinity) can impact
complexation of DOM and As. This work focuses on dissolved organic matter-arsenic (DOM-
As) complex formation over a range of pH and salinity. Our experiments will be completed
using three separate types of DOM covering a range of molecular weights and molecular
structures: Suwanee Reverse Osmosis Humic acid, DOM derived from two distinct coal
samples, and local pond water. We hypothesize that complexation is not only determined
by changes in pH and salinity but is dependent on molecular size and molecular structure of
DOM. Various concentrations of sodium arsenite (0 — 500 pg/L) will be added to each DOM
solution in water. Solutions will be prepared with a range of pH conditions (3-10) and
salinity (0-20 psu) representing a variety of geochemical conditions. Each solution will be
fractionated using size-exclusion filters, then the total arsenic concentration in each
solution will be determined through inductively coupled plasma mass spectrometry (ICP-
MS). With each fraction, we will analyze average molecular weight and certain molecular
structures (e.g. aromaticity) of DOM. Average molecular weight will be quantified using high
performance liquid chromatography coupled with a size exclusion column (HPLC- SEC) and
a fluorescence and absorbance detector; specific ultraviolet absorbance (SUVA254), a proxy
for aromaticity, will be analyzed with an Agilent UV-VIS. Our results will determine the
geochemical conditions with the highest complexation efficiency furthermore contributing
to current understanding of As bioavailability.
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Abstract No. PO12. Drought in the West: Embedded Water Demand Stationarity
Compromises System Vulnerability Analysis

Johnson, R.%, S. Burian?, C. Oroza?, M. Wolf! & L. Jamison?
lUniversity of Utah; 2The University of Alabama

Hydrological drought is challenging managers of western U.S. snowpack-dependent urban
water systems. Snowpack, reservoir storage, streamflow dynamics, and demand
interactions guide water system management and operations, assuming per-capita demand
stationarity. Using the Salt Lake City Department of Public Utilities and two drought
scenarios, we investigate water system vulnerability differences between unchanging
industry per-capita forecasting methods and dynamic demands driven by hydro-climate-
demand relationships. The introduction of dynamic demands estimates a 42% reduction in
system vulnerability during supply limiting conditions than the industry methods. These
modeled water use behaviors also suggest a reduction in the peak timing and volume
(September 2, 55MGD vs. August 2, 89MGD), duration (114 days vs. 144 days), and seasonal
volume (16,000ac-ft vs. 25,000ac-ft) of out-of-district supply requests during extreme
drought conditions. By relying on forecasts embedded with per-capita demand stationarity
assumptions, significant and unlikely system vulnerabilities can misinform operational
actions.
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Abstract No. PO13. Evaluating the Impact of Onsite Wastewater Treatment Systems on
Watershed Contamination, Choccolocco Creek Watershed, Alabama

Jordan, M., S. Rogers & A. Ojeda
Auburn University

Onsite wastewater treatment systems (OWTSs), such as septic systems, are utilized by
approximately 20 percent of U.S. homes and 45 percent of homes in Alabama. OWTSs
effectively treat wastewater when located in suitable environmental conditions and
regularly maintained. However, these criteria are not always met and OWTSs may become
susceptible to failure. Consequently, harmful pathogens, such as E. coli, may enter the
surrounding environment, posing public health risks. Additionally, OWTSs are managed by
individual landowners with limited OWTS performance data recorded after installation.
Furthermore, there is increasing evidence that OWTSs can be a significant, and possibly
underestimated, source of water contamination. Thus, more information is needed to
assess how OWTS location and performance may lead to surface water contamination. The
purpose of this study is to locate OWTSs and model the susceptibility of OWTS failure in the
Choccolocco Creek watershed, Alabama. The Choccolocco Creek, a tributary to the Coosa
River, is listed on the Alabama 303(d) List of Impaired Waterbodies for E. coli
contamination, meaning the creek does not meet the Alabama Department of
Environmental Management water quality standards. The objectives will be met by
addressing the following research questions: (1) Within the Choccolocco Creek watershed,
where are OWTSs located, and what is the OWTS density? (2) What criteria lead to high
susceptibility of OWTS failure in the Choccolocco Creek watershed? We hypothesize that
OWTSs are most prevalent in densely populated areas, and soil characteristics and OWTS
density will have the greatest influence on the susceptibility to OWTS failure. We will use
GIS to organize data and conduct spatial analyses to answer our research questions. First,
table-based septic system permit data from the Alabama Department of Public Health
spanning the years 2000 to 2020 were geocoded. Next, a raster-based multi-criteria
decision analysis (MCDA) model was used to map OWTS susceptibility to failure. The MCDA
input criteria included environmental and OWTS design factors, such as OWTS density,
OWTS age, proximity to surface water, soil characteristics, and slope of the terrain. Input
criteria were then classified, weighted, and aggregated. Preliminary results show
approximately 3,800 septic system permits were issued from 2000 to 2020 in the
watershed, with the majority of septic systems located in Calhoun County, proximal to
Oxford and Anniston, Alabama. Further, preliminary MCDA models indicate OWTS
susceptibility to failure is highest in the central portion of the watershed. Future steps
include joining OWTS points to parcel data and using the parcel center as a more accurate
estimate of OWTS location. Also, MCDA classification and weighting schemes will be
validated by a sensitivity analysis and industry expert review. Ultimately, understanding the
distribution and performance of OWTSs is key to effective watershed management.
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Abstract No. PO14. Understanding the Distribution of Phosphorus Pools in Five Alabama Soil
Regions

Kaur, G., D. Chakraborty & R. Prasad
Auburn University

Alabama soils are inherently low in phosphorus (P) and hence be supplied externally for
optimum crop vield. Repeated application of P above the crop removal or the
recommended rates result in build-up of P in soil over time. In addition to this, Alabama’s
high intensity rainfall lead to the loss of P through dissolution and erosion in surface runoff.
This loss of P from agricultural lands, when transported to waterbodies, deteriorates the
quality of water. The enhanced levels of P in these water systems is one of the leading
causes of eutrophication, resulting in major ecological changes. Strategies for the mitigation
of P pollution cannot be implemented without an understanding of the P dynamics and
distribution of P pools at various soil depths. Limited studies have documented the
distribution of P pools in highly weathered Alabama soils. Phosphorus fractionation
procedures have been used to quantify various P pools present in soil and study the effect
of land management practices on P dynamics within the soil profile. The objective of this
study was to determine the distribution of various P pools (highly reactive, moderately
reactive, and non-reactive) at different soil depths for five Alabama soil regions namely
Appalachian Plateau, Piedmont Plateau, Blackbelt Prairies, Limestone Valleys, and Coastal
Plains. Soil samples were collected from Alabama fields under pasture and row crops, from
four soil depths: 0-5 cm, 5-15 c¢cm, 15-30 cm, and 30-45 cm. Phosphorus forms were
sequentially extracted using modified Hedley procedure which included extraction with
DH20, 0.5 M NaHCO3 (pH 8.5), 0.1 M NaOH, and 1 M HCI. Results will be presented on
distribution of P forms within the soil profile under pasture and row crop systems of five
Alabama soil regions.
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Abstract No. PO15. Phosphorus variability in delineated irrigation management zones in the
crop field

1Kumar, H., J. Lamba, P. Srivastava?, B. Takhellambam & T. Way
1Auburn University; 2University of Maryland

Understanding spatial and temporal variation of phosphorus (TKP) in agricultural fields is
challenging. Variation in TKP levels across a field can impact crop yield. The aim of this study
was to investigate TKP variation in cropland during the 2019 crop growing season in the
Tennessee Valley Region (TVR) of North Alabama. Three different management zones (MZ)
were delineated based on ten years' historical records of crop yield, soil texture, measured
topography, and electrical conductivity data in the field. Multiple locations were selected in
these management zones (MZ1, MZ2, and MZ3) for soil sampling at 0-15, 15-30, and 30-60
cm depth increments at different crop growth stages. Soil samples (n = 360) at four
different locations in each MZ with three replicates for each depth were collected for
analysis. The precipitation data were recorded by an installed weather station in the field
and irrigation records were also maintained during the season. Total irrigation amounts in
all three MZs were not significantly different during the growing season. The fertilizer
application was kept uniform in each MZ of the field. The classical statistics were used to
understand the spatial and temporal variation in phosphorus during the growing season.
The normalized data approach was adopted to distinguish three MZs for TKP levels.
According to the analysis, it has been found that MZ1 and MZ2 had higher phosphorus
concentration than the average phosphorus of the field. However, MZ3 was deficient in
phosphorus concentration as compared to the average phosphorus concentration of the
field. This variation in phosphorus in these MZs was found due to topographical variation
and differences in soil properties in the field. The low yield was recorded in MZ3 and high
yield in MZ1 and MZ2 as compared to the average yield of the field during the 2019 growing
season. Therefore, it can be concluded that TKP levels could have affected crop yield.
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Abstract No. PO16  Rising Concentrations of E. coli in Choccolocco Creek
Larson, E., N. Malina & A. Ojeda
Auburn University

Choccolocco Creek is a tributary of the Coosa River, a major waterway in eastern Alabama.
In recent years, the concentration of E. coli within Choccolocco Creek has steadily increased
and the creek has been 303(d) listed by ADEM due to water quality concerns. The high
concentrations of E. coli in the creek puts the health and safety of the community at risk as
high E. coli increases the risk of bacterial infections and digestive illnesses. Our research
investigates the potential sources of E. coli contamination in Choccolocco Creek. There are
several possible human sources of E. coli: failing septic tanks, leaky sewer lines, and
wastewater treatment plants. Two wastewater treatment plants discharge their effluent
directly into Choccolocco Creek and there is a high density of residential septic tank systems
in the region. There are natural inputs of E. coli as well, including local wildlife and livestock.
We want to know: (1) What effect do wastewater treatment plants and failing sewer
systems have on E. coli contamination in Choccolocco Creek? (2) Can certain proxies in
conjunction with spatial data allow us to distinguish between E. coli from wastewater
treatment plants and E. coli from onsite septic tank systems? We hypothesize that
anthropogenic inputs along Choccolocco Creek contribute to the total pathogen loading.
We will utilize a combination of microbial and chemical source tracking techniques as well
as integrated water quality parameters to identify human waste and its possible source(s).
Water quality parameters will be measured onsite and in the lab. Water samples will be
collected once a month during the recreational season (April through September 2021) at
nine sample sites along Choccolocco Creek. One gallon of water will be collected from the
center of the creek using a dipper cup and analyzed at Auburn or sent to Eurofins for
analysis. Animal sterols including B -sitosterol will serve as animal proxies, while the human
sterol, coprostanol, and a series of pharmaceuticals (caffeine, acetaminophen, ibuprofen)
will serve as human proxies. To address the hypothesis, traditional water quality
parameters and human proxies will be used to identify statistically significant correlations
and clusters within the data. Spearman correlations will be analyzed to identify
relationships between anthropogenic markers, such as caffeine, ibuprofen, and coprostanol,
and E. coli. Multiple linear regressions will explore the interactive effects of these different
variables along with a partial least square regression will be used to understand the
covariance. We will also use principal component analysis to understand clustering within
the data. Collection of high dimensional data should allow us to better understand the
occurrence of E. coli and source-specific markers in the creek.
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Abstract No. PO17. Reconstructing the Cultural Eutrophication of Banana Lake, Florida
Using the Sediment Record

lott, S., M. Waters & T. Clift
Auburn University Department of Crop, Soil, and Environmental Sciences

Alterations to land use and urban development around lake systems can lead to the influx
of nutrients and the formation of dense blooms of algae and cyanobacteria, called cultural
eutrophication. While most monitoring programs successfully document eutrophication,
the development of eutrophic characteristics occurred prior to recent monitoring efforts.
To reconstruct historic lake change, paleolimnological techniques and the sediment record
can be used to provide data preceding monitoring programs. Here, we measured nutrients
(C, N, P) and photosynthetic pigments in a sediment core collected from Banana Lake,
Florida. Banana Lake is a shallow, hypereutrophic lake located in the urban area of
Lakeland, FL and labeled as impaired by Polk County. Shallow lakes have a unique system of
nutrient cycling through resuspension due to their high surface area to volume ratio. In the
case of Banana Lake, excess nutrients have allowed cyanobacteria to become the dominant
primary producers utilizing lake nutrients and creating a positive feedback loop that
intensifies eutrophication. By combining nutrient and pigment data, our results show that
cyanobacteria have existed in the lake long before monitoring efforts began in the system.
Banana Lake’s eutrophication has already led to a fish consumption advisory, and the
cyanobacteria associated with hypereutrophic lakes produce toxins that could be harmful to
human health. However, management efforts based on the last 10 years of monitoring
data would benefit from understanding the drivers of eutrophication rather than the
endpoint.
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Abstract No. PO18. Agronomic and Economic Benefits of Peanut Irrigation Scheduling
Pierce, M.}, G. Morata?, B. Ortiz!, K. Balkcom! & A. Rabinowitz?
1Auburn University; 2Alabama Cooperative Extension System

In the Southeast, insufficient rainfall during the growing season is one of the primary risks
associated with yield loss in peanuts. Alabama farmers are turning to irrigation to prevent
these losses more and more, but are not necessarily seeing increased crop yield and
decreased water stress. In order to gain a greater understanding of various irrigation
scheduling practices, two locations, Headland and Fairhope in South Alabama were used to
compare the economic and agronomic impacts of two irrigation scheduling methods:
common farmer-based irrigation scheduling, soil sensor-based irrigation scheduling and
evapotranspiration-based irrigation scheduling (via the IrrigatorPro app. The comparisons
between the two methods will be based on water used, yield differences, as well as farmers
perceptions towards the use of both technology’based-methods.

Throughout the growing season, farmers were also introduced to, and educated on the
impacts of modern irrigation technologies and their impacts on yield, crop health, and the
environment.
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Abstract No. PO19. Evaluation of a living shoreline technique on a southeastern United
States reservoir

Muth, E.
The University of Alabama-Birmingham

Despite the impoundment of Alabama’s rivers, the state still maintains its status as the most
biodiverse in freshwater species. Alabama Power is responsible for overseeing more than
3500 miles of shoreline; however, individual property owners and businesses have the
ability to obtain permits to implement retention systems on their shoreline. This typically
involves some sort of heavy armament - block, stone, concrete, wood, metal, rip rap, or
combinations of these. The hard armament strategy is resulting in several negative
outcomes as the reservoirs are becoming large bath tubs as they lose ecological
functionality and increase the cost that most are built to avoid. These retention ‘walls’ are
typically installed to avoid loss of property (decrease erosion), yet because of the
subsequent increase in escarpment at the base and ends of such systems, the result is
eventual failure and additional repair/replacement cost. The erosion that they contribute to
decreases biodiversity and the exchange of nutrients from upland to the water. On coastal
shoreline and marine ecosystems, living shorelines have shown to be an ecologically and
economically superior choice. As the Army Corp of Engineers is looking to increase the
implementation of natural and nature based features as compared to heavy armament,
living shorelines are an alternative. It should be considered that public opinion inland might
be different than that of coastal areas. As part of this study, a survey will be provided to
reservoir shoreline owners, but more importantly, Alabama Power has permitted an
example to be installed and it is in the testing phase.
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Abstract No. PO20. Developing a combined Climate Extremes-Resilience Index: a case study
on the state of Alabama

Narayanan, A. %, C. Faivre!, R. Larson?!, M. Alam? & D. Keellings*
The University of Alabama 2Pennsylvania State University

One of the major effects of climate change is the increased occurrence of extreme weather
events. In recent decades, changes in temperature and precipitation throughout the
southeastern United States have led to increases in the occurrences of both floods and
droughts. These extreme weather events can have devastating effects on communities
causing destruction to property and croplands and negative impacts on public health. As
changes in the climate are projected to continue throughout the remainder of the 21st
century, the ability for a community to plan for and recover from extreme weather events is
vital to its survival. Our study focuses on climate extremes and disaster resiliency over a 20-
year period (1990 to 2010) within the state of Alabama at the county level. We use an
established disaster resilience index together with a revised version of the U.S. Climate
Extremes Index (which incorporates temperature, precipitation, and drought) to create a
combined measure of climate resilience, the Climate Extremes Resilience Index (CERI). This
index will be then used to identify high risk regions within the state. We plan on including
the U.S. Census data from 2020 and climate data for the 2011-2020 decade as it becomes
available. Preliminary results suggest that between 1990 and 2010, Alabama as a whole has
decreased in disaster resiliency. In 1990, 52.24% of all counties had a resiliency score
greater than the state average; in 2010 however, that number dropped to 40.29%. These
results also reveal that in 1990 and 2000 the number of counties, experiencing climate
extremes were very low; but in 2010, each county in the preliminary sample experienced
extremes. Combining decreases in overall resilience with increases in the occurrence of
extreme climatic events, Alabama may be vulnerable to climatic events in the future. From
1990-2010 north Alabama experienced the greatest decline in resiliency. Despite this, the
north continues to have some of the highest resiliency scores within the state. Combining
high resiliency scores with minimal occurrences of extreme climatic events, we suspect that
north Alabama will have a higher CERI score than the rest of the state. Southern Alabama,
especially nearing the coast, is suspected to be the most at risk and is predicted to have the
lowest CERI scores. Though southern regions have experienced some of the most growth in
resiliency over the past 20 years, this growth has been relatively small and sometimes
stagnant. We envision the Climate Extremes Resilience Index to be used as a tool to help
policymakers plan for climate related disasters. By assessing a community’s resilience
against climate change, policies and measures for allocating aid towards less resilient yet
more exposed communities can be put in place.
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Abstract No. PO21. Analysis of community-level factors contributing to cholera infection
and water testing access in the Northern Corridor of Haiti

Ogisma, L., F. O'Donnell, J. Molnar, T. Li & H. Xiao
Auburn University

Households in rural areas of Haiti have a very low livelihood level due to the low agricultural
incomes which is the main economic activities. Hence, they have limited access to water
and sanitation utilities putting these communities at risk for waterborne diseases. Thus,
when cholera was introduced to Haiti in 2010, with point of sources located at the UN
Nepalese Contingent base, the disease spread throughout the country within two months.
Improved access to drinking water testing and treatment in remote areas may reduce the
impact of the disease. This research assessed the community-level factors affecting the
cholera infection rate in remote areas of the Northern Corridor of Haiti. It also determines
the degree to which water testing access would be improved by the establishment of a
laboratory at the State University of Haiti/Université d’Etat d’Haiti Campus Henri
Christophe-Limonade (UEH-CHCL) through a partnership with Auburn University and the
United States Agency for International Development (USAID). . Additionally, development of
affordable innovative water treatment technologies as strategically sound approach is
discussed to address these issues. Correlation and regression analysis were used to identify
the main community- level factors that lead to high cholera infection rates among
communities in the Northern Corridor of Haiti. Analysis of travel time data collected by
USAID employees working in the region was used to determine which areas would be able
to access the water testing laboratory. The presence of springs in a community has a
significant positive correlation with cholera infection rates in the Northern Corridor.
However, community-level socioeconomic factors had no significant correlation with
cholera infection rate. Poor road conditions, mountainous terrain, and limited
transportation options lead to high travel times up to 5.7 minutes/km between remote
communities and drinking water testing facilities. It is necessary to consider road conditions
and the availability of transportation options in addition to distance when assessing
laboratory access. The results of this study will be used to plan the implementation of the
new drinking water testing lab near the city of Cap-Haitian and other programs for
vulnerable remote areas.
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Abstract No. PO22. Understanding Spatial Variation of Surface Sediments in Two Unique
Reservoir Systems, Weiss Lake and Lay Lake, AL

Orndorff, T. & M. Waters
Auburn University

Reservoirs have increasingly trapped large loads of sediments behind dams from their river
watersheds. These sediments hold onto important macronutrients such as organic carbon
(OCQ), nitrogen (N), and phosphorus (P), but also heavy metals such as lead (Pb), zinc (Zn),
and arsenic (As). Multiple mechanisms have been described as regulating the distribution of
sediments in reservoirs, but different reservoir types (large vs. small, sinuous vs. linear, etc.)
have received less consideration. In this study, | investigated the mechanisms that influence
the spatial distribution of sediments in two reservoirs with different morphologies, age, and
management, Weiss Lake and Lay Lake on the Coosa River, AL, USA. Objectives were to 1)
identify drivers of material delivery and deposition for key nutrients (OC, N, P) and heavy
metals (As, Pb, Zn), and 2) connect depositional hot spots with material sources and local
ecosystem health. | collected 86 surface sediment samples between the two reservoirs
using a PONAR grab sampler and measured each sample for total concentrations of each
element. Samples were grouped and analyzed according to hydrology, reservoir zonation,
water depth, location in the reservoir, and differences in watershed land cover. Both
reservoirs revealed a complex system that involved multiple different parameters
controlling the distribution of surface sediments and material deposition, but both
reservoirs maintained a strong relationship to the perennial river channel. In both
reservoirs, nutrients seemed to be locally sourced through land use and distributed through
hydrologic pathways, while metals mainly originated from upstream sources carried
downstream by the river channel. Results reveal the dynamic nature of reservoirs and the
need for individual reservoir-based management when considering sedimentary processes.
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Abstract No. PO23. Dimensions of surface water and groundwater connectivity in a Coastal
Plain headwater stream

Peterson, D.%, N. Jones?, A. Shogren?, C. Atkinson! & S. Godsey?
1The University of Alabama; 2ldaho State University

Holistic water resource management requires that we conceptualize watersheds as systems
with integrated surface water-groundwater interactions and connectivity. In the
southeastern Coastal Plain, this connectivity is poorly understood, and is complicated by
complex land use histories, low-gradient topography, and prevalence of preferential
flowpaths. In this study, we work to fill this key gap by examining vertical, horizontal, and
longitudinal dynamics of hydrologic connectivity in a 90ha watershed at the Tanglewood
Biological Station in west Alabama. We identified three distinct hydrogeomorphic units
based on degree of stream incision, in which we compared water table dynamics. To
characterize vertical connectivity, we installed nested groundwater monitoring wells
screened above and below clay confining layers. To characterize horizontal connectivity, we
arranged these well nests into transects from hillslope to stream in each hydrogeomorphic
unit. Additionally, we performed seasonal stream network surveys to visually quantify
longitudinal connectivity throughout the watershed. Initial results suggest that vertical
connectivity is constrained by shallow clay layers, horizontal connectivity is driven by the
degree of stream incision, and that longitudinal connectivity is likely a function of seasonal
patterns of precipitation and evapotranspiration. This work provides an initial
characterization of an understudied low-relief headwater system, which will help inform
future watershed and water-quality management efforts in Alabama and across the
southeastern Coastal Plain.
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Abstract No. PO24. Effects of Gypsum-Amended Poultry Litter on Nutrient Release and
Water Quality

Powell, A.%, R. Prasad?, D. Watts? & A. Torbert?
1Auburn University; 2USDA ARS

Alabama is the second largest poultry producer in the United States. Poultry mass
production contributes to a large amount of poultry litter (PL), which consists of poultry
excreta, bedding material, and excess feed. The large amounts of poultry litter produced in
the southeast has traditionally been land applied to hayfields as a means of disposal and
fertilization. However, dissolved phosphorus runoff from manure applications is well known
to negatively affect inland aquatic ecosystems and degrade water quality. Additionally,
ammonia emissions associated with poultry production is a health and environmental
concern. Recently, use of gypsum (Ca (SO4) ¢ 2 H20) as a bedding material has shown
positive results in reducing ammonia volatilization in poultry houses. Gypsum is also
effective in reducing environmental nutrient losses from poultry litter, particularly dissolved
soluble phosphorus from land manure applications. The objective of the experiment was to
evaluate the effect of gypsum amended litter on post application losses of total
phosphorus, orthophosphate, ammonia, and nitrate from a hay field. A rainfall simulation
study was conducted immediately after litter application and then five weeks after litter
application to determine total phosphorus, orthophosphate, ammonia, and nitrate loss
from the collected water samples. The treatments comprised of using poultry litter bedding
that received either no gypsum, gypsum (1600 Ibs/1000 ft2), or PLT (poultry litter treatment
- industry standard) as a litter treatment between flocks. These three treatments were
compared to control plots in which no litter was added. Results will be presented.
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Abstract No. PO25. Estimating Curve Numbers across the Southeastern United States
Rice, W.
The University of Alabama in Huntsville

The USDA-SCN curve number method is one of the most widely used approaches for
estimating runoff from incoming rainfall. It is useful over large areas as it needs very few
inputs, only requiring soil type, moisture condition, and landcover. Because of this, it is very
applicable over large areas that receive varying amounts of rainfall over the year, such as
the southeastern United States.This project seeks to estimate curve numbers across the
southeastern united states under three different antecedent moisture conditions. The
amount of water soil can absorb can vary significantly depending on moisture conditions —
a rain event that could cause flash flooding in moist soils might only cause nuisance
flooding, or no flooding at all, in dry soils. The resulting curve number map can be paired
with model storm scenarios and varying soil moisture conditions to estimate impacts from
rainfall events over large areas. In addition to flooding, runoff estimates can provide
important information for overland nutrient flows and resulting concentrations, especially
in agricultural fields. The only inputs this project uses are landcover and USDA-SCN soil type
maps. What makes it unique from other projects is that it factors in dual-type soils, which
behave differently when dry than when moist or saturated. This is due to shallow water
tables present in some areas. Accounting for this more accurately estimates soil absorption
capability during dry periods, which provides more accurate flood risk maps during dry
seasons.
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Abstract No. PO26. Effectiveness and Implementation of Forestry Best Management
Practices for Water Quality Protection in Alabama

Rijal, A. & R. Cristan
Auburn University, School of Forestry and Wildlife Sciences

Implementation of forestry best management practices (BMPs) during forest operations is
important for water quality protection. Alabama forests are among the most productive
forests in the US and rank number two in commercial forestry in the US. Forest operations
in the US South tend to involve heavy mechanized equipment that can potentially impact
the environment if BMPs are not implemented or implemented incorrectly. Forest
operation activities such as the construction of roads and skid trails have the greatest
potential of erosion and sedimentation. Timber harvesting activities can result in nonpoint-
source (NPS) pollution by altering the natural phenomenon that regulates water quality.
NPS pollution from forest operations may cause problems with water quality if BMPs are
not implemented. Alabama is ranked as one of the top states in aquatic diversity and this
shows the importance of implementing BMPs during and immediately following forest
operations. Some states have laws that prescribe regulatory BMPs, Alabama uses a quasi-
regulatory approach. Despite BMPs being recognized as an effective practice in protecting
water quality, there is no up-to-date information in the scientific literature about the status
of BMPs implementation and effectiveness in Alabama. Therefore, an updated assessment
and periodic monitoring of BMP implementation rates and effectiveness would be valuable
to assess and evaluate the status of Alabama forestry BMPs. The purpose of this study is to
1) assess the implementation status of BMPs according to state guidelines through the use
of unmanned aerial vehicles (UAVs) and traditional on-the-ground surveys and 2) to conduct
guantitative analysis of erosion rates corresponding to forestry BMPs using the Universal
Soil Loss Equation (USLE). Study sites will be in mountains, piedmont, and coastal plain
physiographic regions. We will evaluate the use of a UAV (DJI Air2S) for BMP
implementation inspections via live feed footage and UAV created orthomosaic maps along
with conducting traditional on-the-ground implementation surveys. Accuracy, precision,
and time consumption of each method will be recorded and compared. UAV based remote
sensing is becoming more widely used and needs to be evaluated for its use in forest
operations. The expected outcome of this study is to assess the effectiveness and
implementation of forestry BMPs in Alabama using UAVs and erosion modeling. Thus, this
study will have significant management implications for forestry professionals and other
stakeholders in Alabama as well as other US states.

Keywords: Forest operations, BMPs, sedimentation, soil erosion, unmanned aerial vehicles
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Abstract No. PO27. In-Channel Sediment Basin Performance Evaluation using Large-Scale
Testing

Schussler, J., M. Perez, W. Donald, X. Fang
Auburn University

Under the National Pollutant Discharge Elimination System Construction General Permit,
construction developers must implement stormwater pollution prevention plans to
minimize downstream implications from site discharge. Sediment basins are a temporary
sediment control practice typically employed on construction site perimeters to detain
sediment from stormwater runoff before discharge. Sediment basins are heralded in the
construction industry for effective sediment capture; however, design and installation
techniques vary nationwide. Researchers at the Auburn University Erosion and Sediment
Control Test Facility (AUESCTF) are currently examining the performance of in-channel
sediment basins, which minimize the site footprint and resources, and are common in the
Midwest. This project follows a field-monitoring effort of sediment basins on the highway
expansion of U.S. 30 in Tama County. From field data, water samples indicated negligible
turbidity and total suspended solids reduction during residence. Site basins were
constructed with earthen berms in the perimeter channels to minimize site footprint and
dewatered through perforated riser pipes but had no other structural components. The
current project aims to quantify improvements through large-scale, controlled flow and
sediment introduction testing. Treatments to the basin include (1) upstream forebay, (2)
geotextile lining, (3) porous flow baffles, (4) a floating surface skimmer, (5) flocculant, and
will be evaluated for the most feasible and effective combination for site implementation.
The basin will be subjected to first flush and overflow events during testing. The analysis will
include water quality and soil retention data. Research findings are expected to guide the
design and implementation of effective, in-channel sediment basins for enhanced
environmental stewardship during construction.
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Abstract No. PO28. Drivers of tree biodiversity in Alabama’s bottomland hardwood forests
Shockey, M., N. Jones, C. Atkinson, C. Staudhammer & L. Davis
The University of Alabama

Bottomland hardwood (BLH) forests are unique and important ecosystems prevalent across
the Southeastern United States. Over the past 200 years, BLH forest's extent has declined
due to timber harvesting, water control structures, and urban expansion. While
contemporary restoration efforts often aim to restore BLH forests, restoration projects
often fail to achieve ecosystem function targets. In this study, we are beginning to address
this challenge by examining drivers of BLH tree species composition and diversity.
Specifically, we examine the relationship between species diversity metrics, topography,
and inundation regime along a 10km reach of the Sipsey River in western Alabama. To
characterize species diversity, we performed vegetation surveys across 50 experimental
plots. At each plot, we measured plot elevation, characterized microtopography, and
estimated height above nearest drainage (HAND) using a combination of field
measurements and data from remotely sensed digital elevation models. To characterize
inundation regime, we estimated inundation extent using a digital-terrain derived
inundation model and 92 years flow record from an adjacent USGS stream gage. Initial
results highlight the role inundation duration and topography (i.e., HAND) as important
drivers of species biodiversity. Our results provide unique insight into drivers of biodiversity
in bottomland hardwood forests and can be used to improve BLH restoration efforts across
the Eastern Gulf Coastal Plain region.

2021 Alabama Water Resources Conference Page 131



AWRC Oral and Poster Presentations

Abstract No. PO29. Stochastic generation of 15-minute precipitation for water resource
modeling under climate change over Southeastern United States

Srivastava, P.%, J. Lamba?, R. McGehee3, H. Kumar? & D. Tian?
lUniversity of Maryland; 2ZAuburn University; 3Purdue University

In addition to the changes in rainfall volume, climate change is projected to change the
characteristics (e.g., intensity, duration, and frequency) of precipitation. The changes in
precipitation characteristics will undoubtedly alter the hydrologic characteristics, such as
peak flows, time to peak, and erosion potential of watersheds. Unfortunately, much of the
currently available climate change datasets are inadequate to truly quantify changes in
hydrologic characteristics of a watershed. Since the design of structural (e.g., dams and
culverts) and non-structural (e.g., agricultural best management practices) controls for the
management of watersheds depend on high temporal-resolution precipitation data, it is
critical to temporally-disaggregate coarse resolution precipitation data to high-resolution
data. For example, changes in rainfall erosive power (due to changes in rainfall intensity) is
expected with the changes in future climate. Thus, for adequate erosion control in the
future, estimation of rainfall erosivity under projected climate changes is needed. This study
evaluated a stochastic disaggregation method to generate high temporal resolution
quarter-hour precipitation for the years 2030-2059 over southeaster, US. Results show that
the selected stochastics disaggregation method was able to conserve the mass of
precipitation. Furthermore, the statistical result of the probability of zero rainfall, variance,
as well as maximum precipitation values showed similarity between the measured and
simulated precipitation, thus confirming that the selected stochastic method is appropriate
for temporal disaggregation of precipitation data.
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Abstract No. PO30. Preliminary Water Quality Analysis of the Middle Alabama Watershed
Using SPARROW Modeling

Suhs, R., M. Estes & J. Cruise
The University of Alabama in Huntsville

Alabama’s agriculture sector is lagging behind those of the surrounding states in the
Southeast. Only 140,000 acres of farmland are irrigated according to USDA’s National
Agricultural Statistics Service. The lack of irrigated farmland puts the agricultural economy
at risk to changes in rainfall patterns and droughts. The purpose of this project is to identify
regions that are likely to experience elevated levels of Total Nitrogen following irrigation
expansion on existing agricultural land. Elevated Total Nitrogen concentrations can lead to
ecosystem vulnerability and environmental threats, such as eutrophication, and are
therefore important to explore. The USGS SPARROW model (SPAtially Reference Regression
of Watershed attributes) was used to estimate and evaluate the potential impact of
expanded irrigation on water quality in the Middle Alabama watershed. The SPARROW
model is based on a non-linear regression equation that describes the transportation and
loading of contaminants. The model includes sources for fertilizer applied to farmland,
livestock manure, wastewater discharge, wet deposition of inorganic nitrogen, and area of
impervious surfaces. A baseline scenario was run in addition to two other scenarios where
fertilizer loads were manually altered. For the scenarios, fertilizer loads were altered based
on amount of additional irrigated area and needed fertilizer rates for irrigated versus
rainfed fields. One scenario is based on 10% of the watershed area being irrigated and the
other is based on all agricultural land in the watershed being irrigated. The resulting outputs
were then mapped using GIS to determine appropriate areas for irrigation expansion. The
scenarios run have shown that an expansion of irrigation would not have an impact of high
significance on the water quality in the majority of the Middle Alabama Watershed. The
baseline scenario showed that no Hydrologic Unit Code (HUC) in the Middle Alabama
exceeds a Total Nitrogen Concentration of 6 mg/L, an EPA threshold for healthy aquatic
ecosystems. However, the irrigation on 10% of the watershed area scenario predicts two
HUCs would exceed 6 mg/L and the irrigation on all agricultural land scenario predicts eight
HUCs would exceed 6 mg/L.
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Abstract No. PO31. The state-of-the-art Machine Learning for crop yield prediction
Abbaszadeh, P., K. Gavahi, A. Alipour, P. Deb & H. Moradkhani
The University of Alabama

An imperative aspect of agricultural planning is accurate yield prediction. Artificial
Intelligence (Al) techniques, such as Deep Learning (DL), have been recognized as effective
means for achieving practical solutions to this problem. However, these approaches most
often provide deterministic estimates and do not account for the uncertainties involved in
model predictions. This study presents a framework that employs the Bayesian Model
Averaging (BMA) and a set of Copula functions to integrate the outputs of multiple deep
neural networks, including the 3DCNN (3D Convolutional Neural Network) and ConvLSTM
(Convolutional Long Short-Term Memory), and provides a probabilistic estimate of soybean
crop yield over a hundred counties across three states in the United States. The results of
this study show that the proposed approach produces more accurate and reliable soybean
crop yield predictions than the 3DCNN and ConvLSTM networks alone while accounting for
the models’ uncertainties.
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Abstract No. PO32. Development and application of microplastic analysis in the sediments
of Lake Weiss, Alabama

Bowling, K., B. Webster, M. Waters
Auburn University

Microplastics are a growing concern for the ecological health of aquatic systems. While
microplastics have been successfully characterized in coastal areas, the occurrence and
distribution in inland waters is beginning to be investigated. Given the high organic content
of lake and reservoir sediments, some of the techniques developed for coastal sandy-areas
are confounded and problematic. Here, we present exploratory research on the occurrence
and distribution of microplastics in the sediments of Lake Weiss, Alabama. Lake Weiss is a
reservoir in NE Alabama on the Coosa River and receives inputs from the NW corner of
Georgia known for decades of carpet manufacturing. We collected 25 surface sediment
samples and developed extraction techniques focused on the unique characteristics of lake
and reservoir sediments, such as high organic content. Results show that microplastic
identification benefits from pretreatment to remove organic matter from the sediments as
well as epiflourescent microscopy. Distribution of microplastics in Lake Weiss was
heterogeneous and appeared to be based on hydrology rather than input area.
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Abstract No. PO33. Phosphorus stratification and environmental implication for soils with
repeated poultry litter application

Chakraborty, D. & R. Prasad
Auburn University

Although phosphorus (P) is a limiting nutrient for plant growth however, excess P loading
arising from repeated poultry litter (PL) applications result in soil P accumulation. The
accumulated P is subjected to loss risk during runoff events which eventually can lead to
degradation of water quality. The objective of this study was to understand soil P
stratification and its environmental implication in agricultural lands impacted with PL. Soil
samples from agricultural lands belonging from Piedmont regions of Alabama with long
term PL application history were collected and separated into four depths: 0-5, 5-15, 15-30,
and 30-45 cm. Soil extractable P was determined using water, Mehlich-1, Mehlich-3, and
oxalate. Phosphorus fractionation was performed using sequential Hedley fractionation
method to identify the organic (Po) and inorganic (Pi) forms. Environmental P loss risk was
evaluated using P saturation ratio (PSR, molar ratio of P/(Fe + Al)). Results of this study
indicated that P concentrations were stratified within the soil profile with highest
concentration in 0-5 cm soil depth. Phosphorus fractionation study showed Po and Pi
concentrations decreased with soil depth. The residual or non-reactive P constituted the
highest percentage of soil total P. Mean soil PSR was higher for 0-5 cm depth and decreased
significantly down the soil profile. High PSR in the surface 0-5 cm depth indicated P
saturation potentially due to repeated PL application. Elevated PSR and extractable P
concentrations in the surface 0-5 cm depth can potentially lead to high P loss risk from the
soils. For long-term sustainable PL management, subsurface applications will be beneficial
to prevent further P saturation in the surface soils and to protect the water quality.
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Abstract No. PO34. Incidence of Pharmaceutical and Personal Care Product (PPCP)
Contamination in Alabama Waters

Dixon, M.}, A. Shabel?, R. Robinson?, P. Okweye? & K. Garner?!
1Alabama Cooperative Extension System; 2Alabama A&M University

Incidence of Pharmaceutical and Personal Care Product (PPCP) Contamination in Alabama
WatersMary Dixon1, Allyson Shabell, Roosevelt Robinson1, Paul Okweye2, and Karnita
GarnerllAlabama Cooperative Extension System (ACES), Alabama A&M University/ACES,
Normal, AL 357622Department of Physics, Chemistry, and Mathematics, Alabama A&M
University, Normal, AL 35762Highly soluble pharmaceuticals and personal care products
(PPCPs) released into surface waters contaminate aquatic ecosystems and have been shown
to affect fish and animal populations adversely. In 2015, a total of 60 samples were
collected from targeted watersheds across Alabama. PPCP concentrations were determined
by US EPA Method 1694 for multi-residue analysis, using solid-phase extraction and ultra-
performance liquid chromatography- electrospray tandem mass spectrometry
(LC/MS/MS). The detection ranges for acetaminophen (26-45 ppb), bisphenol-A (150-220
ppb), caffeine (91-220 ppb), N, N- Diethyl-meta-toluamide (41-280 ppb), salicylic acid (62-
84 ppb), sulfamethoxazole (22- 120 ppb), and trimethoprim (13-16 ppb) revealed
concerning levels. Water quality measurements were also taken for pH, temperature, and
electrical conductivity. Electrical conductivity varied across the state, ranging from 263.9-
411.6 mS/cm. Temperature and pH did not show significant spatial variation. A greater
frequency of PPCP detection was shown to occur in south Alabama. This 2021 study
investigates current PPCP levels at locations proximate to those of the 2015 study. The
detection ranges of the contaminants and water quality indicators were compared to the
previous data to determine trends. Our findings highlight the need for more efficient PPCP
management as well as added evidence-based water quality guidelines.
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Abstract No. PO35. Improving the accuracy of flood inundation models using a modified
boundary conditioning approach

Jafarzadegan, K., A. Alipour, K. Gavahi, H. Moftakhari & H. Moradkhani
The University of Alabama

In the United States, flooding is the most frequent natural disaster that causes huge losses
and damages annually. To properly simulate fluvial floods, hydrodynamic models are
commonly used to estimate the spatiotemporal distribution of water depth across river
networks and generate flood inundation areas during flood events. In this study, we show
that the standard upstream/downstream boundary conditions (BC) used to set up these
models fail to accurately estimate the inundation areas during extreme floods. Here we
propose a modified BC that adjusts lateral flows, adds direct precipitation over channels and
incorporates hydrological bias into modeling. The basis for applying these BC modifications
is to conserve the water mass flux into the river systems during extreme flood events. To
evaluate the effectiveness and robustness of the proposed BC approach, we simulate two
flood events, Hurricane Harvey in 2017 and a flash flood in 2016 occurred in the San Jacinto
watershed, a large basin that covers Houston and its north neighborhood. We utilize two
well-known hydrodynamic flood inundation models, LISFLOOD-FP and HEC-RAS 2D, and
demonstrate that modeling with standard BCs highly underestimates the flood hydrographs
and inundation areas while using the proposed BC approach can significantly improve the
modeling performance.
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Abstract No. PO36. Participatory Irrigation Extension program to Increasing Adoption of
best Irrigation Strategies

Ortiz, B. !, G. Morata?, B. Lena?, P. McClendon® & H. Kumar?!
1Auburn University; 2ZAlabama Cooperative Extension System

Farmers in Alabama, Tennessee and other US southeastern states lack experience on
irrigation water management and adoption rate of the state-of-the-art technologies and
practices to increase irrigation water use efficiency. Several federal funded projects are
being implemented to demonstrate and train farmers and consultants on irrigation
scheduling strategies and variable rate irritation. Half dozen of on-farm demonstration sites
are being used to evaluate, demonstrate, train farmers and consultants several irrigation
technologies to better manage irrigation water. At each site we are comparing the irrigation
farmer’s practices versus the technology-based practice. Some of the technologies
demonstrated include: FieldNet advisor and soil water tension sensors for irrigation
scheduling, and variable rate irrigation. Four farmers focus groups have been established to
train farmers and consultants and share project findings. One-to- one farmers
engagement have been key to increase skills and knowledge on how best to use technology
to management irrigation. Farmers are not only learning how these technologies can be
used to schedule irrigation but also applying the right rate and the right place and time, and
the productivity and environmental benefits of technology-based irrigation management.
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Abstract No. PO37. 2D Geologic Cross Section Creation Using Arc Hydro Groundwater
Subsurface Analyst

Rich, K.
Wood Environment & Infrastructure Solutions, Inc

Aguaveo’s Arc Hydro Groundwater (AHGW) Subsurface Analyst is an ArcGIS groundwater
and subsurface processing tool that facilitates the creation of two-dimensional geologic
cross sections using boring, groundwater well construction, geophysical, and groundwater
elevation data. The tool allows for relatively quick and accurate plotting of lithologic data
and groundwater parameters along a user-defined section line, enabling the user to
interpolate geologic units between dataset locations and create a graphic representation of
underlying geology and groundwater information. Wood E&IS would like to present some
examples of our application of AHGW Subsurface Analyst to various sites in Alabama and
showcase some of the abilities of this ArcGIS-based processing tool for water resources
projects.
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Abstract No. PO38. Spatial Interpolation Methods in Groundwater Projects
Rich, K.
Wood Environment & Infrastructure Solutions, Inc

As populations grow, groundwater projects are of increasing importance in terms of
evaluating impacts to supply, the environment, and public health, among others. It is useful
and often necessary to quantify variables spatially across each subject site to help describe
the site setting and to observe groundwater conditions during the project life cycle.
Examples of variables that may be represented spatially include groundwater elevations,
geochemical concentrations, and intrinsic geochemical parameters such as pH,
temperature, and specific conductance. Additionally, numerical physical characteristics such
as top-of-bedrock elevations, lithologic-boundary elevations, and permeability of
groundwater-bearing lithology may be used to assist in development of conceptual site
models, which help establish initial conditions and provide feedback to the observer during
the project. These variables are typically measured and recorded at specific locations by
drilling, well installation, water-level gauging, and/or groundwater sample collection. Since
it is not possible to measure variables at every point within a subject site, mathematical
interpolation methods may be used to reasonably approximate quantities between known
data collection points. Interpolation results may be visualized in the form of raster data,
which then may be utilized to construct contours that delineate areas of common quantities
across the subject site. A description of and comparison of various interpolation tools and
mathematical methods, such as kriging, nearest neighbor, and inverse distance weighting
are provided in this session, and examples of interpolated groundwater data, including
potentiometric contours and geochemical concentrations are displayed using GIS software.

2021 Alabama Water Resources Conference Page 141



AWRC Oral and Poster Presentations

Abstract No. PO39. Cost-Effective and Sustainable Biochar has the Ability to Sorb and
Facilitate Degradation of PFAS in Water

Wang, D. & S. Krebsbach
Auburn University

Global efforts have been made for PFAS remediation during the past years. However,
remediating PFAS-impacted matrices (e.g., water, soil, and sediment) remains largely
challenging, due partially to the strong carbon-fluorine bond and high remediation cost.
Compared to the commonly used granular activated carbon (GAC), biochar is well-
positioned to addressing the issues and challenges associated with PFAS remediation due to
the following facts. (l) Biochar is cost-effective (e.g., USD $246/ton biochar vs. $1,500/ton
GAC) (Ahmad et al., 2012). (Il) Biochar is sustainable; ~20 gigatons of agricultural and
forestry wastes are readily to be pyrolyzed for biochar mass production annually (Bentsen
and Felby, 2010). (lll) Large surface area, controllable pore structure, tunable surface
charge, and rich surface chemistry of biochar make it competitive for removing a wide
spectrum of PFAS (long- and short-chain cationic, anionic, and zwitterionic) through
hydrophobic interaction, electrostatic attraction, and other interactions. And (IV) Biochar
has the ability to be used in tandem with other destruction techniques (e.g., advanced
reduction process using hydrated electrons for PFAS reductive destruction) for PFAS
sorption and remediation. In particular, the redox properties of biochar can be tuned to
prolong the life span of hydrated electrons, which is critical for PFAS destruction. These
attributes and uniqueness of biochar, if harnessed appropriately, can contribute to the joint
global efforts in remediating PFAS-impacted matrices in a cost-effective and sustainable
manner.

For further information, please see the conference website:
https://aaes.auburn.edu/wrc/alwrc-conference/
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