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Introduction

The Arkansas Water Resources Center located at the University of Arkansas at Fayetteville, is part of the
network of 54 water institutes established by the Water Resources Research Act of 1964. Since its formation,
the Arkansas Water Resources Center (AWRC) program in cooperation with the US Geological Survey and
the National Institutes for Water Resources has focused on helping local, state and federal agencies
understand, manage and protect water resources within Arkansas. AWRC has contributed substantially to the
understanding and management of water resources through scientific research and training of students. Center
projects have focused on topics concerned with water quality of surface water and groundwater, especially
non-point source pollution and sensitive ecosystems. AWRC helps organize research to ensure good water
quality for Arkansas today and in the future.

The AWRC focuses its research on providing local, state and federal agencies with scientific data and
information necessary to understand, manage, and protect water resources within Arkansas. AWRC
cooperates closely with colleges, universities and other organizations in Arkansas to address the state's water
and land-related issues, promote the dissemination and application of research results, and provide for the
training of engineers and scientists in water resources. Each year, several research faculty participate in
AWRC projects with the help of students who gain valuable experience doing environmentally related work
across the state. AWRC research projects have studied irrigation and runoff, innovative domestic wastewater
disposal systems, ground water modeling and land use mapping, erosion and pollution, water quality and
ecosystem functions. The Center provides support to the sponsored water research by acting as a liaison
between funding groups and the scientists, and then coordinates and administers grants once they are funded.
Project management, reporting and water analyses are major areas of support offered to principal
investigators. The AWRC has historically archived and will continue to archive reports of water resource
studies funded by the 104B program or managed through the Center on its website.

In addition, the AWRC sponsors an annual water conference held in Fayetteville, Arkansas each spring,
drawing over 100 researchers, students, agency personnel and interested citizens to hear about results of
current research and hot topics in water resources throughout the state. Conference services and organization
is an important service provided by the Center to organize specialty conferences and workshops, as well as
information sessions on specific watersheds with local not-for-profit watershed groups. The AWRC also
co-sponsors short courses and other water-related conference in the state and across the region.

In addition, AWRC maintains a technical library containing over 900 titles, many of which are online. The
Center staff are continuously updating the availability of reports on-line, which increases the distribution of
historical research funded through the 104B program and managed by the water center. In addition, the
University of Arkansas library also catalogues AWRC publications. This valuable resource is utilized by a
variety of user groups including researchers, regulators, planners, lawyers and citizens.

The AWRC also maintains a modern water quality laboratory that provides water analyses for researchers,
municipal facilities, and watershed stakeholders. Anyone, including farmers and other citizens can submit
samples through the cooperative extension service. This laboratory is certified through the Arkansas
Department of Environmental Quality for the analysis of surface and ground water.

The AWRC has a technical advisory committee made up of professionals from education institutions,
environmental organizations, water supply districts, and government agencies throughout Arkansas. This
committee has the opportunity to evaluate proposals submitted annual to the USGS 104B program, to
recommend session topics included in the annual research conference, and to provide general advice to the
AWRC Director and staff. The technical advisory committee is updated each year to find active members,
which are interested in the Center’s function and management of the 104B program.
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Research Program Introduction

Each year, several researchers participate in 104B projects funded through the Arkansas Water Resources
Center (AWRC), and these projects are completed with the help of students in water and environmentally
related fields. The research projects funded through the AWRC have studied a broad range of environmental
and water issues facing Arkansas, including irrigation and rainfall-runoff, innovated domestic wastewater
disposal, groundwater modeling and land use mapping, erosion and nonpoint source pollution, water quality
and ecosystem function. The AWRC has given priority to solid scientific research proposals submitted by the
faculty to the 104B program; the intent has been to provide seed data to researchers such that larger proposals
can be developed and submitted to extramural funding sources. The AWRC has funded several projects using
104B funding that have resulted in the award of extramural grants to continue the base research.

To formulate a research program relevant to state water issues, the Center works closely with state and federal
agencies, and academic institutions. An advisory committee, composed of representatives from state and
federal agencies, industry and academia, provides guidance for the Center. The technical advisory committee
plays an important role in insuring that the water institute program (section 104) funds address current and
regional issues. The priority research areas of the AWRC base program directly relate to the program
objectives of the Water Resources Act, including research that fosters improvements in water supply, explores
new water quality issues, and expands the understanding of water resources and water related phenomena.

In FY2012, the AWRC under the guidance of the technical advisory committee funded the following research
projects: 1) “Preparing drinking water utilities on Beaver Lake reservoir to meet disinfection by product
regulations: The impact of continued nutrient enrichments”, Drs. Julian Fairey and Wen Zhang, University of
Arkansas, Department of Civil Engineering, $32,000. 2) “Development and implementation of nutrient runoff
reduction measures for poultry houses”, Dr. Andrew Sharpley and Ms. Sheri Herron, University of Arkansas
System Division of Agriculture, Department of Crop, Soil and Environmental Sciences, $21,000. 3) “The
effect of global climate change on algal biomass and total organic carbon concentrations in Beaver Lake”, Dr.
Thad Scott, University of Arkansas System Division of Agriculture, Department of Crop, Soil and
Environmental Sciences, $22,700.
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Preparing drinking water utilities on Beaver Lake reservoir
to meet disinfection byproduct regulations: The impact of
continued nutrient enrichments

Basic Information

Title: Preparing drinking water utilities on Beaver Lake reservoir to meet disinfection
byproduct regulations: The impact of continued nutrient enrichments

Project Number: 2012AR335B
Start Date: 3/1/2012
End Date: 12/31/2013

Funding Source: 104B
Congressional

District: Arkansas 3rd

Research
Category: Water Quality

Focus Category: Water Quality, Nutrients, Toxic Substances
Descriptors:

Principal
Investigators: Julian Fairey, Wen Zhang

Publications

There are no publications.
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Arkansas Water Resources Center 104B Program Project – March 2012 through February 2013 

Project Title:   PREPARING DRINKING WATER UTILITIES ON BEAVER LAKE RESERVOIR TO MEET 

DISINFECTION BYPRODUCT REGULATIONS: THE IMPACT OF CONTINUED NUTRIENT ENRICHMENTS 

Project Team:  Julian L. Fairey, Department of Civil Engineering, University of Arkansas 

 Wen Zhang, Department of Civil Engineering, University of Arkansas 

 

Interpretative Summary:  Beaver Lake water was enriched with primary nutrients, including inorganic 

carbon and phosphorus, to stimulate primary productivity. Enriched waters were chlorinated with free 

chlorine and disinfection byproducts (DBPs) were quantified. DBPs included the four trihalomethanes 

(THMs) and three haloacetonitriles (HANs). Results showed that phosphorus stimulated production of 

DBP precursors and exacerbated trichloromethane (increased 30 g/L on average) and 

dichloroacetonitrile (increased 11 g/L on average). Future experiments will evaluate DBP formation 

and control in waters enriched across a suite of phosphorus and nitrogen gradients. 

 

Introduction:  Disinfection byproducts (DBPs) are formed by reactions between disinfectants (e.g., free 

chlorine) and dissolved organic matter (DOM), which is ubiquitous in lakes and rivers. DBPs are formed 

during chlorination of drinking water year-round, but on balance form at higher concentrations in the 

summer months when algal communities are more active. Continued nutrient enrichments of nitrogen (N) 

and phosphorus (P) are expected to increase primary productivity and shift the phytoplankton community 

composition to predominately cyanobacteria in both suspended and sessile growth, but these impacts on 

DOM properties and hence DBP formation and control remain largely unknown. The objective of this 

proposal is to determine the effects of nitrogen (N) and phosphorus (P) nutrient enrichments on Beaver 

Lake reservoir DOM quality and the subsequent impacts on DBP formation and control. The work plan 

consists of batch mesocosm nutrient-enrichment studies and DBP formation and control experiments. The 

results of this study will be of vital importance to the four DWTPs on Beaver Lake as they develop 

strategies to meet current and pending DBP regulations.  

 

Methods: Batch mesocosms were used to evaluate long-term impacts of continued nutrient enrichments 

of N and P, to be performed quarterly at the four DWTP intakes, again with emphasis on the growing 

season (May, July, August, September). Free chlorine (the predominant drinking water disinfectant in the 

US and worldwide) was selected as the primary disinfectant for this research project. DBP formation 

potential (DBPFP) tests with free chlorine were performed on the waters from the batch mesocosms in 

two modes: (1) before precursor removal processes (to maximize DBP formation and evaluate the impacts 



of algal biomass and phytoplankton community composition), and (2) after DBP-precursor removal 

processes. It is expected that trihalomethanes (THMs) and haloacetonitriles (HANs) will form year-round 

but at varying concentrations depending on the quantity and reactivity of the DOM. 

 

Results:  One nutrient enrichment experiment was completed in Spring 2013; a second experiment is 

ongoing and a third is planned for August 2013. Results for the completed study are presented in Figures 

1 and 2.  Figure 1 shows results for the four THMs as a function of CO2 concentration in the 

cubicontainer headspace with no phosphorus and 100 g/L phosphorus. Regardless of the CO2 

concentration and phosphorus concentration, THMs were dominated by trichloromethane (TCM, 98-150 

g/L), with detectable concentrations of dichlorobromomethane (DCBM, < 10 g/L), indicating the 

source waters were low in bromide. TCM formation was insensitive to the CO2 concentration in the 

cubicontainer headspace, indicating that ambient CO2 increases (550 ppm by 2050) may not exacerbate 

THM formation. However, phosphorus addition increased TCM by 30 g/L, on average, indicating 

continued P enrichment could increase formation of regulated DBPs. 

 

Figure 1. Disinfection byproduct concentrations for the four trihalomethanes – trichloromethane (TCM), 

dichlorobromomethane (DCBM), dibromochloromethane (DBCM), and tribromomethane (TBM) – as a 

function of CO2 concentration in the cubicontainer headspace with no phosphorus and with 100 g/L 

phosphorus. 

 

Figure 2 shows results for the three haloacetonitriles (HANs) as a function of CO2 concentration in the 

cubicontainer headspace with no phosphorus and 100 g/L phosphorus. Regardless of the CO2 
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concentration and phosphorus concentration, trichloroacetonitrile formed at concentrations between 5-

7 g/L. Similar to the results with the THMS, HAN formation was insensitive to the CO2 concentration in 

the cubicontainer headspace, indicating that ambient CO2 increases (550 ppm by 2050). However, 

phosphorus addition increased dichloroacetonitrile (DCAN) formation from approximatel 5 g/L to 16 

g/L, on average, indicating continued P enrichment could increase formation of non-regulated 

nitrogen-containing DBPs. 

 

Figure 2. Disinfection byproduct concentrations for the three haloacetonitriles - dibromoacetonitrile 

(DBAN), dichloroacetonitrile (DCAN), and trichloroacetonitrile (TCAN) – as a function of CO2 

concentration in the cubicontainer headspace with no phosphorus and with 100 g/L phosphorus. 

 

Conclusions:  Results to date indicate that phosphorus enrichment of source waters could drive 

formation of THM and HAN precursors. Upcoming work will focus on gradients of primary phosphorus 

and nitrogen and evaluate subsequent DBP-control measures used at drinking water treatment plants. 

 

References: None to date. 

 

Thesis or Dissertation: None to date (Masters thesis expected August 2013). 
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Development and Implementation of Nutrient Runoff
Reduction Measures for Poultry Houses

Basic Information

Title: Development and Implementation of Nutrient Runoff Reduction Measures for
Poultry Houses

Project Number: 2012AR336B
Start Date: 3/1/2012
End Date: 12/31/2013

Funding Source: 104B
Congressional

District: 3rd District

Research Category: Water Quality
Focus Category: Agriculture, Nutrients, Water Quality

Descriptors:
Principal

Investigators: Andrew Sharpley, David M. Miller

Publication

Herron, S., A.N. Sharpley, S. Watkins, and M. Daniels. 2012. Poultry litter management in the Illinois
River Watershed of Arkansas and Oklahoma. Cooperative Extension Service, Division of Agriculture,
University of Arkansas. Fact Sheet FSA 9535. 4 pages.

1. 
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Project Title:   DEVELOPMENT AND IMPLEMENTATION OF NUTRIENT RUNOFF REDUCTION MEASURES 

FOR POULTRY HOUSES 

Project Team:  Sheri Herron, Department of Crop, Soil, and Environmental Sciences, Division of 

Agriculture, University of Arkansas, Fayetteville, AR 72701 

Andrew Sharpley, Department of Crop, Soil, and Environmental Sciences, Division of 

Agriculture, University of Arkansas, Fayetteville, AR 72701 

David Miller, Department of Crop, Soil, and Environmental Sciences, Division of 

Agriculture, University of Arkansas, Fayetteville, AR 72701 

Susan Watkins, Center of Excellence for Poultry Science, Division of Agriculture, 

University of Arkansas, Fayetteville, AR 72701  

 

Interpretative Summary:  

This report documents progress on research to assess the potential for runoff from around poultry 

production areas to be enriched with phosphorus (P), what the sources of this P are, and measures that 

can be taken to minimize losses.  Recent farm inspections by EPA has drawn attention to this issue and 

increased farmers’ interest in developing solutions.  Our results show that while the dust emitted from 

poultry house ventilation fans is enriched in P, it is a more soluble form than that in litter.  However, by-

products, locally-sourced from northwest Arkansas and previously landfilled, were found to strongly 

bind P and have the potential to greatly reduced P levels in runoff from poultry production facilities. 

 

Introduction:   

Arkansas is second only to Georgia in broiler poultry production (1.04 billion birds/year.  The major 

proportion of this production is located in Northwest AR, with local (i.e., lawsuits with OK) and regional 

(i.e., Gulf of Mexico hypoxia) water quality issues, necessitating greater nutrient management and loss 

controls than in other areas.  The generated poultry litter has been an invaluable source of nutrients and 

organic matter to area pastures for two decades.  Historically, poultry litter has been land applied based 

on the nitrogen (N) requirements of the locally grown forage crops.  This results in the application of up 

to four times more P than annual forage requirements, a consequent build-up of surface soil test P, and 

increased potential for P enrichment of runoff from pastures continually fertilized with poultry litter.  In 

Arkansas, this has led to the designation of Nutrient Surplus Areas, which require nutrient management 

planning (NMP) prior to land applying any litter.  The NMP process determines the risk of P loss from 

each field on a farm and recommends an appropriate litter application rate and Best Management 

Practices (BMPs) needed to minimize the risk of P loss.  However, less attention has been given to 

nutrient loss in runoff from around the poultry production houses.  The nutrients are deposited during 

cleanout or from ventilation fans.  As a result, EPA is now looking to document the importance of this 

pathway and the potential need for regulations to limit stormwater runoff of nutrients. 

Nutrients are sorbed to particulate matter, which can exit poultry houses through ventilation fans 

and from the tires of skid steers tracking litter from the poultry house floor during cleanout.  This dust is 

comprised of fine particulate portion of poultry litter and is a combination of feathers, fecal material, 

skin, spilled feed, mold spores, bacteria, fungus, and bedding fragments (e.g., rice hulls and wood 

shavings), which accumulates on the roofs of the houses and on the grassed areas below the fans.  The 
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litter that is tracked out is deposited on the concrete and gravel pads outside the house.  During rainfall, 

particulates and nutrients can be carried away from these sources in runoff.  Tracked litter differs from 

fan dust, with higher moisture content and larger particulate matter.  The higher moisture content of 

the top layer of litter, known as cake, causes it to adhere to tires and be easily tracked and is greatest 

during bird catching due to equipment moving in and out of the house.   

This project will determine the extent to which nutrients (in particulate and dissolved forms) can be 

lost from around the poultry houses during rainfall-runoff and evaluate BMPs to mitigate these losses 

where appropriate.  Specifically, the project will compare the capacity of locally sourced iron (Fe) and 

aluminum (Al) based by-product materials to sorb P either in fan dust or runoff from around the poultry 

houses.  Additionally, the efficiency of other production area BMPs such as grassed filter areas, to 

decrease P loads in runoff, will be evaluated. 

 

Methods:  

Phosphorus sorption-desorption properties of several locally-sourced materials will be determined 

by equilibration with solutions of graduated P concentrations (0 - 200 mg P L-1; as KH2PO4).  The 

Langmuir equation will be used to obtain estimates of the P sorption maximum (Pmax; g kg-1).  The locally 

sourced by-products tested are aluminum-based water treatment residual (WTR) from Beaver Water 

District, and iron filter cake  (or red mud, RM) from Bekaert industrial plant, Rogers. 

A channelized drainage swale between houses 2 and 3 is used for collection and treatment of 

runoff affected by fan dust, and tracked and spilled litter (see Map 1).  Stormwater from this area flows 

to the grassed area in the center between the houses.  Flow is then directed to a culvert running under a 

gravel road.  An area velocity flow meter is installed in the culvert to measure runoff volume.  Automatic 

samplers are installed at the culvert to collect runoff during each storm flow event.  Samples are 

brought to the laboratory within 24 hours, filtered (<0.45µm), and stored at 4⁰C until analysis of 

dissolved P and nitrate on filtered and total P, total N and suspended sediment on unfiltered runoff 

samples using standard EPA methods.  Between houses 3 and 4 is another drainage swale that similarly 

flows to a culvert.  This area will be used as a control, and a flow meter and automatic sampler will be 

installed in the culvert that captures flow impacted similarly to the area between houses 2 and 3.   

Simulated rainfall – runoff, using National P Project protocols was applied to 4 1.5 m2 plots adjacent 

to poultry house side vents, at 7 cm hr-1 until 30 min of runoff were collected.  Runoff was analyzed for 

dissolved P, total P, nitrate, total N, and suspended solids.   

 

Results: 

Fan Dust and Poultry Litter Analysis 

Analysis of poultry house fan dust shows a similar total P content to litter (about 17 g P kg-1).  

However, the environmentally sensitive water extractable P (WEP) concentration of dust (7.0 g kg-1) is 

greater than litter (3.0 g kg-1), suggesting a potentially greater risk for P loss in surface runoff of 

equivalent amounts of fan dust and litter (Table 1).  Studies in Kentucky show that one poultry house 

can emit greater than 750 kg of dust annually.  This equates to about 7 kg P year-1.  In contrast, 

approximately 3,000 kg P are removed in litter from a poultry house (assuming an 18-month cleanout 

cycle).  While these numbers show the amounts of P in dust are relatively small, two points need to be 

considered.  Firstly, it has been difficult to cost-effectively control dust emissions from poultry houses 
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without affecting in-house bird production, weight gains, and feed conversions. Secondly, EPA has been 

conducting on-site inspections of poultry farms in northwest Arkansas since early 2012.  These 

inspections have focused on the area around poultry houses and to a large extent the dust emitted from 

house fans, mainly because it is visible during inspection. 

 

Phosphorus Sorption Capacity of the Residual By-Product Materials 

Phosphorus sorption isotherms were conducted for RM and WTR and given in Figure 1.  The P 

sorption capacity, energy of P binding, and equilibrium P concentration of both by-products can be 

determined from a linearized version of this plot (Figure 2).  The capacity of both by-products to sorb P 

from water is extremely large (109.9 and 23.8 g P kg-1 of RM and drinking WTR, respectively; Table 2) 

and for RM was about 200 times more than what is usually seen in soil (0.50 g P kg-1 soil; Table 2).  In 

fact the RM has the capacity to hold more than 10% by weight of P.  Also, this P is bound more tightly on 

by-products (particularly RM) than on soil.  As a point of reference for binding energy of P, the lower this 

value (L mg-1; Table 2), the greater the energy with which P is bound or sorbed.  Clearly, these two by-

products have the potential to sequester large amounts of P that might be in runoff water.  The project 

is now evaluating and engineering the containment design of these by-products to efficiently remove P 

that may be transported in surface runoff from around production areas. 

 

Phosphorus Transport in Rainfall – Runoff Simulation and Ditch Flow 

Simulated rainfall was applied to the four 1.5 m2 plots adjacent to each house side fan between 

flocks of birds.  Dust accumulated on the plots, which were protected from natural rainfall during each 

flock, and rained on approximately every 8 weeks in 2012.  The concentration of P in runoff varied with 

time of the year and the amount of time the fans were on during each flock.  Averaged over the year, 

dissolved P in runoff immediately below the fans averaged 5.7 mg L-1 and total P 9.6 mg L-1 (Table 3).  

However, the concentration of P in runoff decreased from fan 1 to 4 over the year (9.2 and 4.4 mg L-1, 

for plots 1 and 4, respectively), which is consistent with the fact that fan 1 (exhausting the part of the 

house where young birds are confined) would have birds for longer periods than fans 2, 3, 4 in 

decreasing order (Table 3). 

By the time runoff from around all houses had reached the monitored ditches, concentrations were 

reduced to  2.0 mg L-1 dissolved P and 3.4 mg L-1 total P.  Dilution of P-rich runoff that might occur near 

the fans was diluted by low P runoff from other areas and from the poultry house roofs. 

 

Conclusions:   

This study demonstrates the potential for dust emitted from poultry house fans during operation 

can enrich P in runoff from around the fans.  However, by the time that runoff leaves the production 

area, in this study in a culvert under the house access road, P concentrations have decreased 

appreciably by dilution with low P runoff from the house roofs and other areas around the houses.  

While the dust contains no more P than the litter, from which much of it originates, more of the P is 

water soluble, increasing its potential for transport in runoff.  Locally sourced by-products were found to 

have an extremely high capacity to sorb P, removing it from solution.  The next phase of this research 

will evaluate how these materials can be deployed around poultry houses to minimize the potential 

transport of P from poultry production areas before it enters surface waters.  
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Table 1.  Percent dry matter, total P, water extractable P (WEP), and total N of dust collected from 

poultry houses at three locations in northwest Arkansas and average values for litter as 

determined by the University of Arkansas Analytical Laboratory for 2010 through 2012. 

 

 
Dry matter, % Total P, g kg-1 Water ext. P, 

g kg-1 
Total P as 
WEP, % 

Total N,       
g kg-1 

Dust      

Elkins 85.4 15.73 5.53 35.1 101.34 

Lincoln 91.0 14.16 6.47 45.7 133.37 

Savoy 87.3 17.23 7.53 43.7 81.27 

Average 87.3 16.54 6.96 42.1 91.75 

Litter 74.0 17.70 2.95 16.7 307.48 

 

 

Table 2. P sorption properties of the residuals and an average soil. 

 

 
P sorption maximum 

g P kg-1 
Binding energy 

L mg-1 
EPC0 

mg L-1 

Red mud 109.9 0.00037 0.024 

Water treatment residual 23.8 0.00180 0.024 

Average soil 0.50 5.0 0.100 

 

 

Table 3.  Average P, N, and sediment concentrations of runoff from plots adjacent to the poultry house 
side vents and at culverts collecting runoff from of and around the houses (see Map 1). 

 Dissolved P Total P Total Solids Nitrate-N Total N 

 
- - - -- - - - - - - - - - - - - - - - - - - - - - mg L-1  - - - - - - - - - - - - - - - - - - - - 

- - - - - - - 

Plot 1 9.2 16.4 1403 43.4 74.8 
Plot 2 4.7 8.8 1246 26.5 63.0 
Plot 3 4.5 6.9 1393 49.4 100.9 
Plot 4 4.4 6.3 882 18.9 55.5 
Ditch 1 1.3 1.6 138 3.6 7.7 
Ditch 2 2.8 5.2 244 6.2 10.8 
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Table 4.  Best management practices to minimize nutrient runoff potential from poultry production facilities. 

 

1  Costs are low if already exists otherwise medium or high. 

 

Type Description Action Cost Reduction potential 

Prevent P 
Movement 
with Runoff 

Roof gutters over fans 
Minimizes direct runoff potential of 

ground immediately below fans 
Low 

Medium.   Source still 
present. 

Filter Trays of residuals below fans Binds P deposited in dust Medium 
High.  P can be removed 

with residual. 

Larger concrete pads outside house 
entrance 

Provides a larger area that can be 
scrapped clean of spillage after bird 

removal and house cleanout 
Medium High 

 

Control / 
Reduce P 
Concentration 
in Runoff 

Maintain grassed (non-grazed) 
waterways between houses and those 

directing runoff away from houses 

May already exist and should be 
managed to maintain good grass cover 

Low 

Medium.  Reduces runoff 
energy and erosive power. 

Uptakes and dilutes 
transported P. 

Aeration of land around houses 
Decreases potential for runoff and may 

improve grass growth and cover 
Low 

Medium.  Less runoff 
translates to less nutrient 

loss risk. 

Spread residual around houses 
Binds P that may be in runoff but does 

not remove P from the system 
Medium Medium 

 

Trap P in 
Runoff 

Pond collecting house runoff 
Collects nutrient rich runoff. Pond must 

be dredged and material used in a 
manner as to impair water quality 

Low / high 1 High 
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Ditch sampler 
Grassed waterway 

Map 1.  Location of poultry houses, ditch runoff, flow meters, and ISCO samplers at the 
Savoy farm site. 
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Figure 1.  Phosphorus sorption isotherms for red mud and water treatment residuals. 



The effect of global climate change on algal biomass and
total organic carbon concentrations in Beaver Lake

Basic Information

Title: The effect of global climate change on algal biomass and total organic carbon
concentrations in Beaver Lake

Project Number: 2012AR337B
Start Date: 3/1/2012
End Date: 12/31/2013

Funding Source: 104B
Congressional

District: Arkansas 3

Research Category: Water Quality
Focus Category: Treatment, Climatological Processes, Nutrients

Descriptors:
Principal

Investigators: Jefferson Thad Scott

Publications

There are no publications.
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Project Title:   The Effect of Global Climate Change on Algal Biomass and Total Organic 

Carbon Concentrations in Beaver Lake. 

 

Project Team:  Byron A .Winston, Crop, Soil, and Environmental Sciences, University of Arkansas,  

 Thad Scott, Crop, Soil, and Environmental Sciences, University of Arkansas 

 

Interpretative Summary:  Climate change coupled with eutrophication could result in increased algal 
biomass in drinking water reservoirs and potentially enhance the production of disinfection by-products 
during the water purification process. 
 

Introduction:  The Beaver Reservoir is the drinking water source for > 250,000 people in 

Northwest Arkansas and a major economic engine for the entire state. Therefore protecting water 

quality continues to be a top priority for Beaver Water District, the management authority for the 

reservoir. Climate change, in addition to the traditional impairers of water quality such as 

nutrients and sediments, has been predicted to severely deteriorate water quality by increasing 

nutrient supply, algal blooms and total organic carbon concentrations in lakes. However, few 

studies have examined these links. We designed an experiment to determine both long term 

trends of CO2 in the water column and the effect of increased nutrients (phosphorus) and CO2 

concentration (expressed as pCO2) on algal biomass measured as particulate carbon and 

chlorophyll a. 
 

Methods:  Partial pressure of CO2 over the long term (1986-2011) was modeled from pH and 

alkalinity data based on equations in Stumm and Morgan (1981). To determine the effect of 

increased phosphorus and pCO2 a natural population of algae from Beaver Lake was grown in a 

semi continuous culture over a period of 13 days. The algae were grown at phosphorus (P) 

concentrations ranging from 0 – 100 µg/L P and at pCO2 of 250, 400 and 550 μatm. On days 4, 

7, 10 and 13 700 ml of the sample was harvested an analyzed for carbon, nitrogen, phosphorus 

and chlorophyll a concentration.  

 

 

Results:  Long term pCO2  

Between 1986 and 2011 carbon dioxide partial pressures ranged from 2500 µatm to 300 µatm 

(Fig.1a, b). High values generally occurred in the fall, winter and spring with low values 

generally occurring in the summer. Summer pCO2 were lower than modern day global pCO2 

average (dashed line Fig.1) of 380 µatm. 
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Fig.1. Modeled partial pressure of CO2 (pCO2) in Beaver Lake from 1986 – 2011. Values 

calculated from pH and alkalinity using equations of Stumm and Morgan 1981. 

 

Particulate carbon (PC) and Chlorophyll a (Chl a): 

Particulate carbon ranged from a low of 6 mg L
-1

 to a high value of 36 mg L
-1

 across all pCO2 

treatments with the lowest PC in cubitainers that received no P treatments whereas highest PC 

occurred at P treatments of 100 μg L
-1

 (Fig. 2a). The greatest increases in PC generally occurred 

when P increased from 10 μg L
-1 

to 25 μg L
-1 

and from 25 μg L
-1

to 50 μg L
-1

. Doubling P 

approximately doubled PC (Fig. 2a). The doubling effect was not observed when P increased 

from 50 μg L
-1

 to 75 and 100 μg L
-1

 (Fig. 2a). PC was significantly correlated to P concentration 

irrespective of pCO2 level (Fig. 2b). Increased pCO2 had a small but measurable effect on PC 

concentration. For example, PC at 25 μg L
-1

 P and 250 μatm pCO2 was approximately 17 mg L
-1

 

compared to 25 mg L
-1

 at 550 μatm pCO2 (Fig. 2). 

Chlorophyll a concentrations ranged from 5 μg L
-1 

to 60 μg L
-1 

across all pCO2 levels 

(Fig. 3a). Similar to PC lowest chlorophyll a was measured in cubitainers receiving no P 

treatments whereas highest chlorophyll a occurred at P levels of a 100 μg L
-1 

(Fig. 3a). 

Chlorophyll a was positively correlated to P levels and increased significantly as P level 

increased (Fig. 3b). Increased pCO2 had small but measurable effects on chlorophyll a 

concentration. For example, chlorophyll a at 50 μg L
-1

 P and 250 μatm pCO2 was approximately 

25 μg L
-1

 compared to 30 μg L
-1

 at 550 μatm pCO2. 
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Fig. 2. Concentrations of particulate carbon (a) for algae grown at 250 µatm, 400 µatm and 550 

µatm pCO2 and at phosphorus (P) concentrations from (0 – 100 µg/L) and (b) linear regression 

between PC a and P concentration at various levels of  pCO2. 
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Fig. 3. Concentrations of Chl a (a) for algae grown at 250 µatm, 400 µatm and 550 µatm pCO2 

and at phosphorus (P) concentrations from (0 – 100 µg/L) and (b) linear regression between Chl 

a and P concentration at various levels of  pCO2. 

 

Conclusions:  Preliminary analyses suggest that algal growth could potentially be limited by low 

CO2 concentrations particular during the summer season. From a management perspective this 

could be beneficial since low CO2 would serve as a natural regulator of the algal population and 



production of TOC. However, results from the algal growth experiments revealed that both 

particulate carbon (PC) and algal biomass will increase under conditions of increased pCO2 and 

P concentrations. Increased algal biomass may increase water quality deterioration and place 

additional burdens on the water management. 

 



Information Transfer Program Introduction

Dissemination of information is one of the main objectives of the Arkansas Water Resources Center (AWRC).
AWRC sponsors an annual water conference held in Fayetteville, AR. The 2012 conference focused on the
"State Water Planning Process and Reservoir Management" The conference drew approximately 130
researchers, students, agency personnel, and interested citizens from Arkansas and Oklahoma to hear about
this topic and other research in water resources throughout the State. The AWRC worked closely with the
consulting firm selected by the Arkansas Natural Resources Commission to revise and update the state water
plan, allowing the project managers to give an overview of the process.

AWRC also co-sponsored workshops and other water related conferences in the state and region including the
24th Annual Conference of the National Agricultural Biotechnology Council in Fayetteville, AR, the 2012
Arkansas Environmental Education Association in Fayetteville, AR, the 2013 Arkansas Soil and Water
Education Conference at Arkansas State University, the 2013 National Institute of Water Resources Annual
Meeting in Washington DC. The AWRC work with the USGS Arkansas Water Science Center and the State
Chapter of the American Water Resources Association to organize the 2012 Fayetteville Shale Symposium in
Fort Smith, AR. This specialty conference addressed an emerging issue at the interaction of water resources
and energy production, providing a holistic view of the subject from all perspectives.

The AWRC maintains a technical library containing over 900 titles, many of which are available online. This
valuable resource is utilized by a variety of user groups including researchers, students, regulators, planners,
lawyers and citizens. Many of the AWRC library holdings have been converted to electronic PDF format
which can be accessed via the AWRC website at www.uark.edu/depts/publications.htm. AWRC is continuing
to add archived documents from the library to this electronic data set, and all new titles are added when
received.

AWRC maintains an active website which is updated at least quarterly (www.uark.edu/depts/awrc/). The
website announces AWRC-related activities including conference announcements. The website is also home
to the AWRC library listings and the AWRC Water Quality lab webpage. AWRC is also on facebook at
http://www.facebook.com/pages/Arkansas-Water-Resources-Center/206554789388630. The AWRC facebook
page has 83 likes and averages a weekly reach of 100 people.
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Arkansas Water Resources Center Information Transfer
Program

Basic Information

Title: Arkansas Water Resources Center Information Transfer Program
Project Number: 2012AR333B

Start Date: 3/1/2012
End Date: 2/28/2013

Funding Source: 104B
Congressional District: 3rd

Research Category: Not Applicable
Focus Category: Education, Water Quality, Water Use

Descriptors: None
Principal Investigators: Brian E. Haggard

Publications

Drake, W.M., Scott, J.T., Evans-White, M., Haggard, B.E., Sharpley, A.N., Rogers, C.W., and
Grantz, E.M. 2012. The effect of periphyton stoichiometry and light on biological phosphorus
immobilization and release in streams. 13:97-106

1. 

Haggard, B.E., Scott, J.T., and Patterson, S. 2012. Sediment phosphorus flux in an Oklahoma
reservoir suggests reconsideration of watershed management planning. Lake and Reservoir
Management 28(1):59-69.

2. 

Jarvie, H.P., Sharpley, A.N., Scott, J.T., Haggard, B.E., Bowes, M.J., and Massey, L.B. 2012.
Within-river phosphorus retention: a missing piece in the watershed puzzle? Environmental Science
and Technology 46:13284-13292.
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Ludwig, A., Matlock, M., Haggard, B., and Chaubey, I. 2012. Periphyton nutrient limitation and
maximum potential productivity in the Beaver Lake basin, United States. Journal of the American
Water Resources Association 48(5):896-908.

4. 

Toland, D.C., Haggard, B.E., and Boyer, M.E. 2012. Evaluation of nutrient concentrations in runoff
water from green roofs, conventional roofs, and urban streams. Transactions of the American Society
of Agricultural and Biological Engineers 55(1):99-106.

5. 

Giovannetti, J., Massey, L., Haggard, B. and Morgan, B. 2013 Expanded Summary – Land use effects
on stream nutrients at Beaver Lake Watershed, Northwest Arkansas. Journal American Water Works
Association 105(1):31-32.

6. 

Giovannetti, J., Massey, L.B., Haggard, B.E., and R.A. Morgan. 2013. Research Article – Land use
effects on stream nutrients at Beaver Lake Watershed, northwest Arkansas. Journal of the American
Water Works Association 105(1):E1-E10.

7. 

Haggard, B.E., Scott, J.T., and S.D. Longing. 2013. Sestonic chlorophyll-a shows hierarchical
structure and thresholds with nutrients across the Red River Basin, USA. Journal of Environmental
Quality 42(2):437-445.

8. 

Jarvie, H.P., Sharpley, A.N., Withers, P.J.A., Scott, J.T., Haggard, B.E., and Neal, C. 2013.
Phosphorus mitigation to control river eutrophication: murky waters, inconvenient truths, and
‘post-normal’ science. Journal of Environmental Quality 42(2):295-304.

9. 

Rogers, C.W., Sharpley, A.N., Haggard, B.E., and Scott, J.T. 2013. Phosphorus uptake and release
from submerged sediments in a simulated stream channel inundated with a poultry litter source. Air,
Water and Soil Pollution 224:1361 (9 pages)

10. 
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Bailey, B.W., B.E. Haggard, and L.B. Massey. 2012. Water Quality Trends across Select 319
Monitoring Sites in Northwest Arkansas. Arkansas Water Resources Center, Fayetteville, Arkansas.
MSC Publication 365. 50 pp.

11. 

Haggard, B.E., J.T. Scott, S.D. Longing, and J.T. Metrailer. 2012. Sestonic Chlorophyll-a and
Nutrient Relationships across the Red River Basin, USA. Arkansas Water Resources Center,
Fayetteville, Arkansas. MSC Publication 366. 15 pp.

12. 

Haggard, B.E. and J.T. Scott. Nutrient Criteria Development Mini-Workshops for USEPA Region VI
States. Arkansas Water Resources Center, Fayetteville, Arkansas. MSC Publication 367. 38 pp.

13. 

Metrailer, J.T. 2012 Water quality trends and nutrient loads for the watershed research and education
center in northwest Arkansas, 2009-2012. MS Thesis, Environmental Engineering Program,
Biological and Agricultural Engineering Department, University of Arkansas, Fayetteville, Arkansas

14. 

Fohner, J.M. 2012. Nutrient dynamics in stormwater runoff from green roofs with varying substrate.
MS Thesis, Environmental Science Program, Crop, Soil and Environmental Sciences, University of
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The primary role of the technical advisory committee is to provide guidance and 

technical review of the proposal submitted to the Arkansas Water Resources Center 
each year – We appreciate your service over the last year, 2012-2013. 

 



 
 

 
 
 
 
 

Tuesday, May 14, 2013∙ Oral Sessions 
 

 
8:00 

 
Registration/Coffee, Juice & Pastries 
 

 Session 1: 104B Research—Impact Award Winner and Water 
Supply Projects 

 Moderator: Brian Haggard, Professor and Director, Arkansas 
Water Resources Center, UA System Division of Agriculture 
 

9:30 Welcome and Introduction 
9:40 National NIWR Impact Award Winner 2011: 

Balancing Nutrient Storage and Accelerated Eutrophication in 
Multi-Use and Multi-Sized Water Impoundment Reservoirs 
Thad Scott, UA System Division of Agriculture 

10:10 Regional NIWR Impact Award Winner 2012:  
Land-Use Effects on Benthic Algae and Metabolism Recovery 
after Flood Events in Ozark Streams 
Michelle Evans-White, University of Arkansas 

10:30 Assessment of the Microbial Population in Beaver Lake Swim 
Beach Regions to Determine Origin of Fecal Pollution 
Kristen Gibson, UA System Division of Agriculture 

10:50 Preparing Drinking Water Utilities on Beaver Lake Reservoir to 
Meet Disinfection Byproduct Regulations: The Impact of 
Continued Nutrient Enrichments 
Julian Fairey, University of Arkansas 

11:10 The Effect of Global Climate Change on Algal Biomass and Total 
Organic Carbon Concentrations in Beaver Lake 
Byron Winston, UA System Division of Agriculture  

  
 Lunch and Poster Session 
 

11:30 
 
Lunch Provided in the Foyer  

12:30 Poster Session.  Presenters should chaperon their posters. 

2013 



Networking Lunch 
Sponsored by  

 

 

________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 



Tuesday, May 14, 2013∙ Poster Session 
 

Poster presenters will be at their posters from 12:30 to 1:30. 
 

Student Poster Competition: 
 

The posters in the student competition will be clearly marked on the display.  
On the form provided in your registration packet, please rank the top three 
student posters based on the poster itself, as well as, the student’s ability to 
answer questions.  Please return the completed form to the registration desk 
by 3 PM today.   
 

 

1.   Conserving Groundwater Supply in the Arkansas Delta using On-Farm 
Reservoirs 

Authors:  Kent Kovacs, Michael Popp, and Kristopher Brye 

Affiliation:  UA System Division of Agriculture 

 
2. Natural Stream Restoration in the Illinois River Watershed 

 
Authors: Gina Levesque, Shanon Phillips, Jeri Fleming,  

                 and Jason Vogel 

Affiliations: Oklahoma Conservation Commission 

                      Oklahoma State University 

 
3. Water Quality Variability Throughout Storm Events at a Karst Spring in 

Northwestern Arkansas 

Authors: Katherine Knierim, Erik Pollock, and Phillip Hays 

Affiliations: University of Arkansas 

                     U.S. Geological Survey  

 

2013 



4. Detection of Antibiotic Resistance Genes after Disinfection during 
Wastewater Treatment 

Authors: Ryan MacLeod and Mary Savin 

Affiliation: UA System Division of Agriculture 

 

5. The Effects of Low Level Natural Gas Emissions to an Ozark Head 
Water Stream.  

Authors:  Bradley Austin, Joe Ponzio, Erik Pollock,  

                  Michelle Evans-White, and Brian Haggard 

Affiliations: University of Arkansas  

                      UA System Division of Agriculture 

 

6. A Novel Technique for Isotopic and Quantitative Analysis of 
Dissolved Methane in Natural Waters 

Author: Erik Pollock 

Affiliation: University of Arkansas 

 

7. Effects of Oxygenation of Resuspended Sediment from a Eutrophic 
Lake 

Authors: Grace Richardson and Scott Osborn 

Affiliation: UA System Division of Agriculture 

 
8. Improving Water Quality with Phosphorus Removal Structures 

Authors: Chad Penn, Josh Payne, Jeff Vitale,  
                                         Garey Fox

 
, Delia Haak, and Josh McGrath  

Affiliations: Oklahoma State University 
                      Illinois River Watershed Partnership 
                      University of Maryland 
 

9. Hydrogeology and Chemical Characterization of Hydrocarbon in 
Domestic Water Wells in Rogers, Arkansas 

Authors: Janelle Sherman, Erik Pollock, and Phillip Hays 

Affiliations: U.S. Geological Survey 
                      University of Arkansas 
 



10. Developing Relationships between Stream Water Phosphorus and 

Ecological Endpoints in Ozark Headwater Streams 

Authors: Raymond Brennan, Andrew Sharpley, Thad Scott, Brian   

                 Haggard, Mike Bowes, and Helen Jarvie 

Affiliations:  University of Arkansas 

                                               NERC Centre for Ecology and Hydrology 
 

11. Does Sampling Method Influence the Relation between Constituent 
Concentration and Discharge? 

Authors: Morgan Welch and Brian Haggard 
Affiliation: University of Arkansas 

 
12. Does Lake Frances Influence Phosphorus Transport in the Illinois 

River? 
Authors: Jason Corral and Brian Haggard 
Affiliation: University of Arkansas 

 
13. Relationship Between Land-Use, Water Quality, and 

Macroinvertebrate Densities in Spring-Fed Streams of the Ozark 
National Forest 

Authors: Ayla Smartt, Shrijeta Ganguly, Michelle Evans-
White, and Brian Haggard 
Affiliation: University of Arkansas 

 
14. The Effect of Increased Atmospheric CO2 on Phytoplankton Across an 

Experimental Phosphorus Gradient 
Authors: Aaron Jackson, Byron Winston, and That Scott 
Affiliation: University of Arkansas 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Poster Session and Competition 
Sponsored by Arkansas Farm Bureau 
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Tuesday, May 14, 2013∙ Oral Sessions 
 

 Session 2: 104B Research—BMP and Implementation Projects 
 Moderator: Jennifer Bouldin, Associate Professor, Arkansas State 

University and UA System Division of Agriculture 
 

1:30 Assessment of Water Quality and Stream Bank Stability following 
BMP Implementation on the Upper Strawberry River Watershed 
Teresa Breuggen-Boman, Arkansas State University  

1:50 Evaluation of Septic System Absorption Field Products with 
Differing Architectures in a Profile-Limited Soil 
Nina Prater, Energy Corps 

2:10 Increasing Awareness for Water Quality Protection: Stream 
Restoration through Temporary and Permanent Animal Access 
Restrictions 
Dirk Philipp, UA System Division of Agriculture 

2:30 Development and Implementation of Nutrient Runoff Reduction 
Measures for Poultry Production Areas 
Sheri Herron, UA System Division of Agriculture 
 

2:50 Networking Break  
 

 Session 3: 104B Cooperators—USGS and Their Research  
 Moderator: Randy Easley, Director of Water Quality, Central 

Arkansas Water 
 

3:15 Geochemical Controls on Mercury Methylation in the Backwaters 
of a Gulf Coastal Plain River System: Implications for Water Column 
Processes, Lower Ouachita River, Arkansas 
Phil Hays, U.S. Geological Survey 

3:35 Preliminary Results of a Study of Land Use and Habitat on Biological 
Communities of Illinois River Basin Streams 
Jim Petersen, US Geological Survey, Arkansas Water Science Center 
 
 

2013 



 Session 3 Continued: 104B Cooperators—USGS and Their Research  
3:55 Interpreting the Results of a Minimally Disturbed Watershed and 

Reservoir Linked Hydrodynamic and Water Quality Model—A Case 
of Confounding Perspectives, Expectations, and Intuition 
Reed Green, US Geological Survey Arkansas Water Science Center 

4:15 Implementation of Arkansas Stream Stats 
Aaron Pugh, US Geological Survey Arkansas Water Science Center  
 

7:00 Evening Social at Farrell’s Lounge 

 

 

Evening Social at Farrell’s Lounge 
Sponsored by Hach Hydromet 

 
Tuesday, May 14, 7:00-9:00 PM   

 
Farrell’s is located at 311 West Dickson Street.   

Please note that all of Fayetteville’s downtown parking is now pay 
parking at a rate of $1 per hour. 

 



Networking Break 
Sponsored by Ozarks Water Watch 
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National Institutes for Water Resources 
 

US Congress passed the 
Water Resources Research 
Act in 1964 establishing 
fifty-four water resources 
research institutions such 
as the Arkansas Water 
Resources Center at land 
grant universities through-

out the United States.  The State Water Resources Research Institutes 
were charged with arranging for competent research that addresses 
water problems and enhances our understanding, aiding the entry of 
new research scientists into water resources fields, helping to train 
future water scientists and engineers, and transferring results of 
sponsored research to water managers and the public.    
 
Each fall, the AWRC accepts applications for projects funded through 
the 104b program.  This year, the Arkansas Water Resources Center 
funded three projects including: 
 

 Fecal Source Characterization in Select 303(d) listed Streams in 
the Illinois River Watershed with Elevated Levels of Escherichia 
coli, Kristen Gibson, UA System Division of Agriculture, $16,000. 

 Economics of On-Farm Reservoirs across the Arkansas Delta 
Region: A Conjunctive Management Approach to Preserving 
Groundwater and Water Quality, Kent Kovacs, UA System Division 
of Agriculture, $15,500. 

 Improving Surface Water Quality by Reducing SOD and Removing 
Nutrients, Scott Osborn, UA System Division of Agriculture, 
$12,000. 

 The Effect of Global Climate Change on Algal Biomass and Total 
Organic Carbon Concentrations in Beaver Lake, Byron Winston, 
UA System Division of Agriculture, $15,207 

 Assessing Sources of Nitrosamine Precursors in Drinking Water 
Treatment Plants, Wen Zhang and Julian Fairey, University of 
Arkansas $28,975 

 
For more information about the National Institutes for Water Resources 
visit niwr.net. 



Wednesday, May 15, 2013∙ Oral Sessions 

 

Coffee, Juice & Pastries 7:30-8:00 AM 

Sponsored by Beaver Watershed Alliance 
 

 
 

 

7:30 Registration/Coffee, Juice & Pastries 
 

 Session 4: Ecological Design Perspectives and Practices 
 Moderator: Maia Singer, Senior Aquatic Ecologist and Water Quality 

Scientist, Stillwater Sciences 
 

8:00 Welcome and Introduction 
8:15 Ecological Processes, Patterns, and Priorities 

Steve Patterson, Bio x Design  
8:45 Engineering Design: Process, Predilections & Priorities 

Cully Hession, Virginia Tech University 
9:15 Landscape Architectural Design: Process, Predilections, and 

Priorities 
Mark Boyer, University of Arkansas 

9:45 
 

Panel Discussion 
 

10:00 Break 
. 
 

2013 



Networking Break 
Sponsored by Water Monitoring Solutions 
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 Session 5: Ecological Design Tools & Tools of Thought 



 Moderator: Steve Patterson, Bio x Design 
 

10:15 Design Methods and Tools in Ecological Engineering 
Scott Osborn, Associate Professor, UA System Division of Agriculture 

10:45 
 
11:15 

Ecological Modeling as a Design Tool 
Thad Scott, UA System Division of Agriculture 
Designing Public Processes 
Jeremy Pate and Kristina Jones, City of Fayetteville 
 

11:45 Panel Discussion 
 

 Networking Lunch 
12:00 Lunch Provided in the Foyer 

 

 Session 6: Ecological Design Case Studies & Best Practices 
 Moderator: Scott Osborn, Associate Professor,  Department of 

Biological and Agricultural Engineering, University of Arkansas 
 

1:30 Stormwater Design Strategies: Innovative, Resourceful and 
Compatible Spaces for People, Plants, and Wildlife 
Martin Smith, Ecological Design Group 

2:00 Reservoir Ecology, Processes & Management 
Kent Thornton, FTN & Associates 
 

2:30 
 

Constructed Wetlands for Water Quality and Wildlife,  
Maia Singer, Stillwater Sciences  
 

3:00 Conference Adjourns 

 

 

 

 

 

 

 

 

 

 

 

 



Networking Lunch 
Sponsored by Illinois River Watershed Partnership 
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Conference & Workshop Participants 

 
Robert Bacon 
University of Arkansas 
rbacon@uark.edu 
 

Robert Caulk 
Beaver Watershed Alliance 
bobcaulk@cox.net 

Russell Bair 
University of Arkansas 
rtbair@uark.edu 
 

Don Clover 
City of Fort Smith 
dclover@fortsmithar.gov 
 

Prathamesh Bandekar 
University of Arkansas 
pbandeka@uark.edu 
 

Jason Corral 
University of Arkansas 
jcorral@uark.edu 
 

Rusty Bautista 
University of Arkansas 
bautista@uark.edu 
 

Karen Crocker 
University of Arkansas 
krollet@uark.edu 
 

Vinith Bejugam 
University of Arkansas 
vxb004@uark.edu 

Eric Cummings 
University of Arkansas 
ecummin@uark.edu 

 
Teresa Breuggen-Boman 
Missouri Southern State University 
boman-t@mssu.edu 
 

 
Jill Curtis 
UA Monticello 
curtis@uamont.edu 

Jennifer Bouldin 
Arkansas State University 
jbouldin@astate.edu 
 

Mary Dyson 
Central Arkansas Water 
mary.dyson@carkw.com 

Sabrina Bowman 
Beaver Water District 
sbowman@bwdh2o.org 
 

Randy Easley 
Central Arkansas Water 
randy.easley@carkw.com 

Mark Boyer 
University of Arkansas 
mboyer@uark.edu 
 

Michelle Evans-White 
University of Arkansas 
mevanswh@uark.edu  

Raymond Brennan 
University of Arkansas 
rbrennan@uark.edu 
 

Julian Fairey 
University of Arkansas 
julianf@uark.edu 
 

Stephanie Burchfield 
Arkansas Department of Health 
stephanie.burchfield@arkansas.gov 
 

Mary Fennel 
University of Arkansas 
mbonaduc@uark.edu 
 

 



Conference & Workshop Participants 

 
Ed Fite 
Oklahoma Scenic Rivers Commission 
ed.fite@osrc.ok.gov  

Sheri Herron 
BMP, Inc. 
sheriherron@gmail.com  
 

Josh Fluger 
GBMc & Associates 
jfluger@gbmcassoc.com 
 

Cully Hession 
Virginia Tech University 
chession@vt.edu 
 

Noaa Frederick 
University of Arkansas 
noaafrederick@gmail.com 

Kristin Higgins 
UA Cooperative Extension Service 
khiggins@uaex.edu 
 

David Freiwald 
U.S. Geological Survey 
freiwald@usgs.gov  

Brad Hufhines 
Beaver Water District 
bhufhines@bwdh2o.org 
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Symposium Program designed by the Arkansas Water 
Resources Center 



 
Symposium	  Presented	  By	  

 

	  
Symposium Chair, Jaysson Funkhouser 

Assistant	  Director	  U.S.	  Geological	  Survey,	  Little	  Rock,	  Arkansas	  	  
 

Co-Chair, Wendell Barner 
President,	  Arkansas	  State	  Section	  of	  the	  American	  Water	  Resources	  

Association	  
 

Co-Chair, Brian Haggard 
Director,	  Arkansas	  Water	  Resources	  Center	  

 
Co-Chair, Leslie Massey  

Project	  Manager,	  Arkansas	  Water	  Resources	  Center	  

	  
 

 
 
 

The symposium chairs are grateful for the support given by 
the sponsors and exhibitors; sponsors of individual events are 

recognized throughout the program. 

	  
Tuesday,	  March	  20,	  2012	  ·∙	  Program	  At-‐A-‐Glance	  

	  
8:00-‐9:50	   Registration/Exhibits—Atrium	  

	  
	   Plenary	  Sessions—Memphis,	  Tulsa,	  Little	  Rock	  Rooms	  

10:00-‐10:10	   Opening	  Ceremonies:	  Flag	  Presentation	  and	  Welcome—
Honorable	  Sandy	  Sanders,	  Fort	  Smith,	  AR	  

	   	  
10:10-‐10:15	   Introduction	  and	  Symposium	  Mission—Jaysson	  Funkhouser,	  

Symposium	  Chair	  
	  

10:15-‐10:45	   Keynote	  Speaker:	  Hydraulic	  Fracturing	  Operations—What	  is	  
Really	  Going	  on	  Down	  There?	  Mark	  Boling,	  Southwestern	  
Energy	  Company	  

	   	   	  
10:45-‐12:05	   Session	  1:	  Natural	  Gas	  Development	  and	  Surface	  Water	  

Interactions	  
	   	   	  
	   Keynote	  Luncheon—Dallas	  and	  St.	  Louis	  Rooms	  

12:15-‐1:45	   Disposal	  of	  Hydrofracking-‐Waste	  Fluid	  by	  Injection	  into	  
Subsurface	  Aquifers	  Triggers	  Guy-‐Greenbrier	  Earthquake	  
Swarm	  in	  Central	  Arkansas,	  Scott	  Ausbrooks,	  Arkansas	  
Geological	  Survey	  	  

	   	   	  
	   Session	  2A—Memphis,	  Tulsa,	  

Little	  Rock	  Rooms	  
Session	  2B—Belle	  Star	  Room	  

2:00-‐3:30	   Natural	  Gas	  Development	  and	  
Ground	  Water	  Interactions	  

Natural	  Gas	  Development	  
and	  Biological	  Interactions	  
	  

	  
3:30-‐4:00	  

	  
Break—Atrium	  	  
	  

	   Session	  2A,	  Continued—
Memphis,	  Tulsa,	  Little	  Rock	  
Rooms	  

Session	  2B,	  Continued—Belle	  
Star	  Room	  

4:00-‐5:20	   Natural	  Gas	  Development	  and	  
Ground	  Water	  Interactions	  

Natural	  Gas	  Development	  
and	  Biological	  Interactions	  



	  
Wednesday,	  March	  21,	  2012	  ·∙	  Program	  At-‐A-‐Glance	  

	  
7:00-‐8:00	   Breakfast/Exhibits—Atrium	  

	  
	   Session	  3—Memphis,	  Tulsa,	  Little	  Rock	  Rooms	  

8:00-‐10:10	   Natural	  Gas	  Development	  and	  Environmental	  Regulations	  
	   	  

10:10-‐10:40	   Break—Atrium	  	  
	  

	  

	   Session	  4—Memphis,	  Tulsa,	  Little	  Rock	  Rooms	  
10:40-‐11:10	   Natural	  Gas	  Development	  and	  Economics	  	  

	   	   	  
	   Keynote	  Luncheon—Dallas	  and	  St.	  Louis	  Rooms	  

12:00-‐1:30	   USGS	  Activities	  to	  Assess	  the	  Effects	  of	  Shale-‐Gas	  
Development	  on	  Water	  Resources	  in	  Pennsylvania,	  James	  
Campbell,	  US	  Geological	  Survey	  
	  

	   Session	  5—	  Memphis,	  Tulsa,	  Little	  Rock	  Rooms	  
1:30-‐2:40	   The	  State	  Water	  Plan	  and	  Environmental	  Concerns	  

	   	  
2:40-‐3:00	   General	  Discussions	  and	  Future	  Symposium	  

	  
3:00	   Adjourn	  

	  

	  
	  
	  
	  
	  
	  

Symposium abstracts are available online at 
http://ar.water.usgs.gov/Fayetteville_Shale/abstracts.pdf 

	  

	  
Tuesday,	  March	  20,	  2012	  ·∙	  Oral	  Sessions	  

	  

8:00	   Registration/Exhibits—Atrium	  
	   Plenary	  Sessions—Memphis,	  Tulsa,	  Little	  Rock	  Rooms	  

10:00	   Opening	  Ceremonies	  
	  
	  
	  

10:10	  

Flag	  Presentation	  and	  Welcome—Honorable	  Sandy	  Sanders,	  Fort	  
Smith,	  AR	  
	  
Introduction	  and	  Symposium	  Mission—Jaysson	  Funkhouser,	  
Symposium	  Chair,	  US	  Geological	  Survey,	  Little	  Rock,	  AR	  

	   	   	  
10:15	   Keynote	  Speaker:	  

Hydraulic	  Fracturing	  Operations—What	  is	  Really	  Going	  on	  Down	  
There?	  Mark	  Boling,	  Executive	  Vice	  President	  and	  General	  Counsel,	  
Southwestern	  Energy	  Company,	  Houston	  Texas	  

	   	   	  
	   Session	  1—Memphis	  Tulsa,	  Little	  Rock	  Rooms	  
	   Natural	  Gas	  Development	  and	  Surface	  Water	  Interactions	  

Moderator:	  Tim	  Kresse,	  US	  Geological	  Survey,	  Little	  Rock,	  AR	  
	  

10:45	   Determining	  the	  Effects	  of	  Gas-‐Well	  Activities	  on	  a	  Drinking-‐	  Water	  
Source	  in	  Central	  Arkansas—Rheannon	  Hart,	  Hydrologist,	  US	  
Geological	  Survey,	  Little	  Rock,	  AR	  

11:05	   Modeling	  the	  Effects	  of	  Non-‐Riparian	  Surface	  Water	  Diversions	  on	  
Flow	  Conditions	  in	  the	  Little	  Red	  River	  Watershed—Jackson	  
Cothren,	  Research	  Professor,	  University	  of	  Arkansas,	  Fayetteville,	  AR	  

11:25	   Surface	  Water	  Data	  Collection	  in	  the	  Fayetteville	  Shale—Jaysson	  
Funkhouser,	  Assistant	  Director	  US	  Geological	  Survey,	  Little	  Rock,	  AR	  

11:45	   Effects	  of	  Natural	  Gas	  Development	  on	  Stream	  Turbidity	  in	  the	  
Fayetteville	  Shale,	  Arkansas—Sally	  Entrekin,	  Assistant	  Professor	  
University	  of	  Central	  Arkansas,	  Conway,	  AR	  

	   	  
	   Keynote	  Luncheon—Dallas	  and	  St.	  Louis	  Rooms	  

12:15	   Disposal	  of	  Hydrogracking-‐Waste	  Fluid	  by	  Injection	  into	  Subsurface	  
Aquifers	  Triggers	  Guy-‐Greenbrier	  Earthquake	  Swarm	  in	  Central	  
Arkansas,	  Scott	  Ausbrooks,	  Geohazards	  and	  Environmental	  Geology	  
Supervisor,	  Arkansas	  Geological	  Survey,	  Little	  Rock,	  AR	  



Keynote Luncheon 
Sponsored	  by	  Center	  for	  Toxicology	  and	  Environmental	  Health	  
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	   Session	  2A—Memphis,	  Tulsa,	  Little	  Rock	  Rooms	  
	   Natural	  Gas	  Development	  and	  Ground	  Water	  Interactions	  

Moderator:	  Gary	  Hanson,	  Red	  River	  Watershed	  Management	  
Institute,	  Shreveport,	  LA	  
	  

2:00	   Keynote	  Speaker:	  	  
Is	  Hydraulic	  Fracturing	  of	  Shale	  Gas	  Responsible	  for	  Observed	  	  	  
Water	  Well	  Contamination	  Issues?	  Ian	  Duncan,	  Research	  Scientist,	  
Bureau	  of	  Economic	  Geology,	  University	  of	  Texas	  at	  Austin	  

2:30	   Assessing	  Potential	  Water-‐Quality	  Effects	  on	  Shallow	  Groundwater	  
from	  Unconventional	  Gas	  Production	  in	  the	  Fayetteville	  Shale	  in	  
Arkansas—Tim	  Kresse,	  Hydrologist,	  US	  Geological	  Survey,	  Little	  	  
Rock,	  AR	  

2:50	   Groundwater	  Data	  in	  the	  Fayetteville	  Shale	  Gas	  Play—Roger	  Miller,	  
Professional	  Geologist,	  Arkansas	  Department	  of	  Environmental	  
Quality,	  North	  Little	  Rock,	  AR	  

3:10	   Hydraulic	  Fracture-‐Height	  Growth:	  Real	  Data—Bob	  Launhardt,	  
Business	  Development	  Manager,	  Pinnacle,	  Oklahoma	  City,	  OK	  
	  

3:30	   Break-‐Atrium	  
	  

	   Session	  2B—Belle	  Star	  Room	  
	   Natural	  Gas	  Development	  and	  Biological	  Interactions	  

Moderator:	  Randy	  Easley,	  Fort	  Smith	  Utilities,	  Fort	  Smith,	  AR	  
	  

2:00	   Keynote	  Speaker:	   	  
Potential	  Impacts	  to	  Fish	  Communities	  and	  Aquatics	  	  
from	  Natural	  Gas	  Development	  in	  the	  Fayetteville	  Shale	  Play,	  
Arkansas—Steve	  Filipek,	  Assistant	  Chief	  of	  Fisheries	  Arkansas,	  Game	  
and	  Fish	  Commission,	  Little	  Rock,	  AR	  

2:30	   Changes	  to	  Monitoring	  Protocol	  in	  Response	  to	  Natural	  Gas	  
Development—Randy	  Easley,	  Environmental	  Manager,	  Fort	  Smith	  
Utility	  Department,	  Fort	  Smith,	  AR	  

2:50	   Implementing	  Projects	  to	  Improve	  In-‐Stream	  Habitat	  and	  Water	  
Quality	  in	  the	  Upper	  Little	  Red	  River	  Watershed—Tim	  Snell,	  
Associate	  State	  Director	  for	  Water	  Resources,	  The	  Nature	  
Conservancy,	  Fayetteville,	  AR	  

3:10	   Impacts	  of	  Natural	  Gas	  Wells	  on	  Periphyton	  and	  Metabolism	  
in	  Headwater	  Streams	  in	  North-‐Central	  Arkansas—Brad	  Austin,	  
Research	  Assistant,	  University	  of	  Arkansas,	  Fayetteville,	  AR	  
	  

3:30	   Break—Atrium	  	  
	  



Networking Break 
Sponsored	  by	  Hydrological	  Services	  America	  
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	   Session	  2A,	  Continued—Memphis,	  Tulsa,	  Little	  Rock	  Rooms	  
	   Natural	  Gas	  Development	  and	  Ground	  Water	  Interactions	  

Moderator:	  Gary	  Hanson,	  Red	  River	  Watershed	  Management	  
Institute,	  Shreveport,	  LA	  
	  

4:00	   Groundwater	  Quality	  Assessment	  in	  the	  Central	  Arkansas	  Area	  
Overlaying	  the	  Fayetteville	  Shale	  Gas	  Play—Anna	  Nottmeier,	  
Research	  Assistant,	  University	  of	  Arkansas,	  Fayetteville,	  AR	  

4:20	   Turbidimetric	  Method	  for	  the	  Quantification	  of	  Barium	  in	  Private	  
Well	  Water	  from	  the	  Barnett	  Shale	  Region—Doug	  Carlton,	  Research	  
Assistant,	  University	  of	  Texas	  at	  Arlington	  

4:40	   Methane	  Gas	  Unassociated	  with	  Petroleum	  Industry	  Operations	  in	  
Searcy	  County,	  Arkansas—Douglas	  Melton,	  Manager	  of	  Special	  
Projects,	  Southwestern	  Energy	  Company,	  Conway,	  AR	  

5:00	   Evaluating	  “Action”	  Levels	  for	  Methane	  in	  Groundwater	  –	  	  
What	  “Action”	  Should	  be	  Taken?	  John	  Kind,	  Director	  of	  Toxicology,	  
Center	  for	  Toxicology	  and	  Environmental	  Health,	  North	  
Little	  Rock,	  AR	  
	  

	   Session	  2B,	  Continued—Belle	  Star	  Room	  
	   Natural	  Gas	  Development	  and	  Biological	  Interactions	  

Moderator:	  Randy	  Easley,	  Fort	  Smith	  Utilities,	  Fort	  Smith,	  AR	  
	  

4:00	   Macroinvertebrate	  Communities	  along	  a	  Gradient	  of	  Gas	  Well	  
Densities	  in	  North-‐Central	  Arkansas—Nicki	  Jensen,	  Research	  
Assistant,	  University	  of	  Central	  Arkansas,	  Conway,	  AR	  

4:20	   Headwater	  Stream	  Fishes	  of	  the	  Fayetteville	  Shale—Loren	  
Stearman,	  Research	  Assistant,	  University	  of	  Central	  Arkansas,	  
Conway,	  AR	  

4:40	   Differences	  in	  Macroinvertebrate	  Communities	  in	  Intermittent	  and	  
Perennial	  Streams	  within	  the	  Fayetteville	  Shale—Julie	  Kelso,	  
Research	  Assistant,	  University	  of	  Central	  Arkansas,	  Conway,	  AR	  

	   	   	  
5:00	   Evening	  Reception-‐Holiday	  Inn,	  Hospitality	  Suite	  

	  
7:00	  

	  
Evening	  Social	  in	  Downtown	  Fort	  Smith-‐Varsity	  Bar	  and	  Grill	  

	  
	  



Evening Reception—Hospitality Suite, 
Holiday Inn Convention Center 

Sponsored	  by	  Water	  Monitoring	  Solutions,	  Hydrological	  Services	  
American	  and	  Pace	  Analytical	  

	  
	  
	  

	  
	  
	  

The	  Hospitality	  Suite	  is	  located	  on	  the	  9th	  Floor	  of	  the	  Holiday	  Inn	  Convention	  
Center.	  	  Drinks	  and	  Snacks	  will	  be	  provided	  from	  5:30-‐6:30	  PM.	  

 
____________________ 

 
 

Evening Social at Varsity Bar & Grill— 
Adelaide Hall 

Sponsored	  by	  Hach	  Hydromet	  

	  
The	  Varsity	  Grill	  is	  located	  at	  318	  Garrison	  Avenue	  

The	  Varsity	  Grill	  is	  located	  0.3	  miles	  from	  the	  Holiday	  Inn.	  Head	  northwest	  on	  
Rogers	  Ave	  and	  turn	  right	  on	  south	  3rd	  Street.	  	  The	  Varsity	  Grill	  is	  located	  on	  the	  

right.	  	  Join	  us	  at	  the	  social	  from	  7-‐10	  PM.	  
	  

 

	  
Wednesday,	  March	  21,	  2012	  ·∙	  Oral	  Sessions	  

	  
Continental Breakfast 7-8 AM 

Sponsored	  by	  VAISALA	  

	  
	  
7:00	   Registration/Exhibits/Breakfast—Atrium	  

	   Session	  3—Memphis	  Tulsa,	  Little	  Rock	  Rooms	  
	   Natural	  Gas	  Development	  and	  Environmental	  Regulations	  

Moderator:	  Roger	  Miller,	  Arkansas	  Department	  of	  Environmental	  
Quality,	  North	  Little	  Rock,	  AR	  
	  

8:00	   Keynote	  Speaker:	  
Environmental	  Issues	  and	  Shale	  Plays	  in	  the	  South	  Central	  United	  
States—Michael	  Overbay,	  Regional	  Ground	  Water	  Center	  Coordinator,	  
U.S.	  Environmental	  Protection	  Agency	  –	  Region	  6	  	  

8:30	   Stream	  Mitigation	  in	  the	  Fayetteville	  Shale	  Play—Page	  Shurgar,	  
Streamworks	  Mitigation	  Services,	  LLC,	  Little	  Rock,	  AR	  	  

8:50	   Water	  Resource	  Management	  in	  Shale	  Oil	  and	  Gas	  Plays:	  Finding	  
Common	  Ground	  through	  Institution	  Building	  and	  Adaptive	  
Management	  Approaches—Gary	  Hanson,	  Director,	  Red	  River	  
Watershed	  Management	  Institute,	  Shreveport,	  LA	  

9:10	  
	  

Permits	  and	  Mitigation	  in	  the	  Fayetteville	  Shale	  Play—Sarah	  Chitwood	  
and	  Kyle	  Clark,	  U.S.	  Army	  Corps	  of	  Engineers,	  Little	  Rock	  District,	  AR	  

9:30	   Permitting	  and	  Tracking	  Non-‐Riparian	  Water	  Usage	  in	  the	  Fayetteville	  
Shale—Chris	  Soller,	  Engineer,	  Arkansas	  Natural	  Resources	  Commission,	  
Little	  Rock,	  AR	  

9:50	   ADEQ’S	  Oil	  &	  Gas	  Program	  Regulatory	  Responsibilities	  	  	  
As	  Related	  To	  Natural	  Gas	  Production	  in	  the	  Fayetteville	  	  
Shale	  Play	  Area—Steve	  Johnson,	  Field	  Supervisor,	  	  
Arkansas	  Department	  of	  Environmental	  Quality,	  Little	  Rock,	  AR	  
	  

10:10	   Break—Atrium	  



Networking Break 
Sponsored	  by	  Pace	  Analytical	  

 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________ 

	   Session	  4—Memphis,	  Tulsa,	  Little	  Rock	  Rooms	  
	   Natural	  Gas	  Development	  and	  Economics	  

Moderator:	  Wendell	  Barner,	  President,	  Arkansas	  State	  Section	  of	  the	  
American	  Water	  Resources	  Association,	  Little	  Rock,	  AR	  
	  

10:40	   Keynote	  Speaker:	  	  
State	  and	  Local	  Government	  Benefits	  and	  Costs	  of	  Natural	  Gas	  
Extraction—Wayne	  Miller,	  University	  of	  Arkansas,	  Fayetteville,	  AR	  

11:10	   Environmental	  and	  Economic	  Effects	  to	  Counties—Honorables	  Preston	  
Scroggin	  and	  Jimmy	  Hart,	  Faulkner	  and	  Conway	  County,	  AR	  Judges	  

11:30	   Maintaining	  State	  Highways	  in	  the	  Fayetteville	  Shale	  Area—Elisha	  
Wright-‐Kehner,	  Arkansas	  State	  Highway	  and	  Transportation	  
Department,	  Little	  Rock,	  AR	  
	  

	   Keynote	  Luncheon—Dallas	  and	  St.	  Louis	  Rooms	  
12:00	   USGS	  Activities	  to	  Assess	  the	  Effects	  of	  Shale-‐Gas	  Development	  on	  

Water	  Resources	  in	  Pennsylvania—James	  Campbell,	  Director,	  US	  
Geological	  Survey,	  New	  Cumberland,	  PA	  	  
	  

	   Session	  5—Memphis,	  Tulsa,	  Little	  Rock	  Rooms	  
	   The	  State	  Water	  Plan	  and	  Environmental	  Concerns	  	  

Moderator:	  Brian	  Haggard,	  Director,	  Arkansas	  Water	  Resources	  Center	  
	  

1:30	   Keynote	  Speaker:	  	  
Updating	  the	  State	  Water	  Plan—Edward	  Swaim,	  Water	  Resources	  
Division	  Manager,	  Arkansas	  Natural	  Resources	  Commission,	  Little	  	  	  	  	  
Rock,	  AR	  

2:00	   Overview	  of	  USGS	  Studies	  Related	  to	  Shale	  Gas	  Extraction	  and	  
Hydraulic	  Fracturing—Donald	  Campbell,	  Central	  Branch	  Chief,	  USGS	  
National	  Research	  Program	  	  

2:20	   Air	  Pollution	  and	  Greenhouse	  Gas	  Effects	  of	  Drilling	  in	  Shale	  Areas—
Robert	  Cross,	  Research	  Professor,	  University	  of	  Arkansas	  ,	  	  	  	  	  
Fayetteville,	  AR	  
	  

2:40	   General	  Discussions	  and	  Future	  Symposium,	  Jaysson	  Funkhouser,	  
Symposium	  Chair,	  US	  Geological	  Survey,	  Little	  Rock,	  AR	  
	  

3:00	   Adjourn	  

	  
 
 
 



Keynote Luncheon 
Sponsored	  by	  Teledyne	  
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Student Support

Category Section 104 Base
Grant

Section 104 NCGP
Award

NIWR-USGS
Internship

Supplemental
Awards Total

Undergraduate 23 0 0 3 26
Masters 8 0 0 2 10

Ph.D. 3 0 0 0 3
Post-Doc. 1 0 0 0 1

Total 35 0 0 5 40
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Notable Awards and Achievements

Dr. Julian Fairey received a Faculty Early Career Development, or CAREER, award from the National
Science Foundation for $404,969 over five years. This will support his research to reengineer carbon
nanotubes for enhanced adsorption of disinfection byproduct precursors. The 104B program provided research
support to collect preliminary data for this project proposal.

Dr. Thad Scott, Assistant Professor of Environmental Water Science at the University of Arkansas, was
awarded the 2012 NIWR Impact Award for his research on Denitrification, Internal Nitrogen Cycling, and
Nitrogen Retention in River Impoundment Reservoirs.

Dr. Michelle Evans-White, associate professor in biological sciences at the University of Arkansas, was a
2013 NIWR Impact Award Great Plains Region Nominee.

Dr. Brian Haggard was chosen as the 2012 National Institute for Water Resources President-elect.

Dr. Brian Haggard was interviewed by KNWA on the effects of sequestration on the Arkansas Water
Resources Center, in a larger piece on the University of Arkansas.

Dr. Brian Haggard was interviewed by KNWA and the Arkansas Democrat Gazette on the second statement
of joint principles put forth by the states of Arkansas and Oklahoma, regarding water quality issues in the
Illinois River.
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Publications from Prior Years

2011AR313B ("Continued Investigation of Land Use and Best Management Practices on the
Strawberry River Watershed") - Articles in Refereed Scientific Journals - 1. Brueggen, T.R., Bouldin,
J.L. 2012. Establishing baseline data in the subwatersheds of the Strawberry River, AR, prior to
implementation of agricultural best management practices. Journal of Arkansas Academy of Science
66: 41-49.

1. 

2011AR298B ("Sources and background levels of Mercury in Arkansas: A multi site
paleolimnological approach") - Articles in Refereed Scientific Journals - 2. Prater, N.J.M., K.R. Brye,
S. Dunn, T.S. Soerens, A.N. Sharpley, E.R. Mason, and E.E. Gbur. 2013. Effluent storage and biomat
occurrence among septic system absorption field architectures in a Typic Fragiudult. Journal of
Environmental Quality. In Press

2. 

2012AR337B ("The effect of global climate change on algal biomass and total organic carbon
concentrations in Beaver Lake") - Other Publications - 3. Grantz, E.M., A. Kogo, and J.T. Scott. 2012.
Partitioning whole-lake denitrification using in situ dinitrogen gas accumulation and intact sediment
core experiments. Limnology and Oceanography 57: 925-935

3. 

2012AR337B ("The effect of global climate change on algal biomass and total organic carbon
concentrations in Beaver Lake") - Other Publications - 4. Scott, J.T. and E.M. Grantz. 2013. N2
fixation exceeds internal nitrogen loading as a phytoplankton nutrient source in perpetually
nitrogen-limited reservoirs. Freshwater Science. In-press.

4. 
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