Uf UNIVERSITY OF ARKANSAS ]un e 2 0 O 8

DIVISION OF AGRICULTURE

ARKANSAS WATER RESOURCES CENTER ANNUAL
TECHNICAL REPORT FY 2008

MSC Publication 102.2008 | Arkansas Water Resources Center




ARKANSAS WATER RESOURCES CENTER — UNIVERSITY OF ARKANSAS
TECHNICAL PUBLICATION NUMBER MSC 102.2008 - YEAR 2008

Arkansas Water Resources Center Annual Technical Report FY 2008

L.B. Massey* and B.E. Haggard®

1Project Manager, Arkansas Water Resources Center, UA Division of Agriculture
Director and Associate Professor, Arkansas Water Resources Center, UA Division of Agriculture, 203 Engineering Hall,
Fayetteville, AR 72701. Corresponding author: haggard@uark.edu

This publication serves as the annual report the U.S. Geological Survey regarding the projects
and activities of the Arkansas Water Resources Center for FY 2008. This document provides summary
information for each of the 104 b projects funded 1) Long-term runoff water quality in response to
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Introduction

The Arkansas Water Resources Center (AWRC), located at the University of Arkansas,
Fayetteville, Arkansas is part of the network of 54 water institutes established by the Water
Resources Research Act of 1964. The AWRC in cooperation with the US Geological Survey,
and the National Institute for Water Resources has helped local, state and federal agencies
learn to manage Arkansas' water resources for more than 30 years.

The AWRC's statewide mission is to 1) arrange for competent research that addresses water
problems and enhances our understanding; 2) aid the entry of new research scientists into
water resources fields; 3)help to train future water scientists and engineers; and 4)transfer
results of sponsored research to water managers and the public.

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
ecosystems.

AWRC acts as a liaison between funding groups and the scientists, and then coordinates and
administers grants once they are funded. Accounting, reporting and water analyses are major
areas of support offered to principal investigators.

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.
AWRC also co-sponsors short courses and other water-related conferences in the state and
region. In addition, AWRC maintains a technical library containing over 900 titles, many of which
are online. 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, farmers and others.

The AWRC has a technical advisory committee made up of professionals from educational
institutions, environmental organizations, water supply districts, and government agencies
throughout Arkansas. This committee has the opportunity to evaluate proposals submitted
annually 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.
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Research Program Introduction

None.
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Long-term runoff water quality in response to natural
rainfall as affected by poultry litter application rate

Basic Information

Long-term runoff water quality in response to natural rainfall as affected by poultry
litter application rate

Project Number:|2007AR162B
Start Date:|3/1/2007
End Date:|12/31/2008
Funding Source:|104B

Congressional
District:

Research Category:|Water Quality

Title:

Focus Category:|Non Point Pollution, Water Quantity, Surface Water

Descriptors:

Principal
Investigators:

Publication

Kristofor R. Brye

Long-term runoff water quality in response to natural rainfall as affected by poultry litter application fate



Arkansas Water Resources Center 104B Program Project — March 2008 through February 2009
Project Title: LONG-TERM RUNOFF WATER QUALITY IN RESPONSE TO NATURAL RAINFALL AS

AFFECTED BY POULTRY LITTER APPLICATION RATE
Project Team: Kristofor Brye, Department of Crop, Soil and Environmental Sciences, University of

Arkansas

Interpretative Summary: Land-applied poultry litter as fertilizer could contribute nutrients and heavy
metals to surface runoff following storm events. Evaluating runoff water quality response to natural
precipitation over an extended period may be key to ascertaining long-term impacts of surface-applied

broiler litter.

Introduction: Poultry litter contains many water-soluble constituents, such as nitrogen (N) and
phosphorus (P) that are beneficial plant nutrients; thus poultry litter is often land applied as fertilizer.
Decades of manure land application to pasture soils in the Ozark highlands have resulted in high levels

of P in soils throughout northwest Arkansas.

Since poultry litter is land applied without incorporation, it is subject to off-site transport from surface
runoff and overland flow. Consequently, animal waste disposal and surface and groundwater quality
are major issues in areas with large concentrations of confined animal-feeding operations. Therefore,
an accurate quantification of runoff and solutes from land surfaces under natural field conditions is
essential to understanding the fate and transport of soluble constituents added to an ecosystem via
poultry litter. This objective of this research project is to continuously monitor runoff and solute losses

in runoff from pasture amended with varying rates of poultry litter.

Methods: To quantify solute losses in runoff, runoff was collected from six tall fescue plots of Captina
silt loam soil with a 5% slope that received a wide variety of poultry litter application rates. Prior to
litter application, soil cores were collected to characterize the soil profile distribution of extractable
minerals, organic matter and carbon. Poultry litter was applied annually. All soil samples were dried at
70°C for 48 hours, crushed, sieved and Mehlich-3 extractions were used to extract soil for analysis.
Samples were analyzed for P, potassium (K), calcium (Ca), magnesium (Mg), sodium (Na) and boron (B)
using inductively coupled argon plasma spectrometry (ICAP). A 2:1 soil to water mixture was used to

determine soil pH and conductivity. Runoff samples were collected from each plot after storm events



and were analyzed for soluble K Ca, Mg, Na, B, arsenic (As), cadmium (Cd), selenium (Se), nickel (Ni),
copper (Cu), manganese (Mn) and iron (Fe) using ICAP spectrometry. Dissolved P, ammonia-nitrogen
(NH4-N), nitrate-nitrogen (NOs-N) were measured using a Skalar San Plus automated wet chemistry
analyzer. A weather station monitored precipitation inputs, wind speed, solar radiation,

photosynthetically active radiation, air temperature and relative humidity on an hourly basis.

Results: Runoff from the study plots differed occasionally among litter treatments, but did not differ
during an individual annual period. Season and annual flow weighted mean concentrations of nutrients
and metals were variable and inconsistent throughout the study. Arsenic concentrations from all
treatments exceeded the maximum contaminant level for drinking water. Annual nutrient runoff losses
did not differ among treatments during any annual period; however, all nutrient runoff losses, except

for K, were numerically greatest from the high-litter treatment.

Conclusions: Results from this study indicate that reducing broiler litter application may potentially
reduce runoff losses of some environmentally harmful nutrients and metals (i.e., P, As, and Fe).
However, eliminating broiler litter application completely may still lead to years of nutrient and metal-

enriched runoff due to the soil’s ability to retain and recycle nutrients and metals (i.e., P and As).

Dissertation:
Pirani, Amanda L., 2005. Leaching of plant nutrients and heavy metals from poultry litter-amended tall

fescue pasture, Department of Crop, Soil, and Environmental Sciences, University of Arkansas.

Menjoulet, Brie C., 2007. Nutrient and metal runoff from broiler litter-amended tall fescue in response
to natural precipitation, Department of Crop, Soil, and Environmental Sciences, University of

Arkansas.



Source of Geosmin and MIB in drinking water: Identifying
the source and mechanisms of taste and odor compounds
at Beaver Reservoir, northwest Arkansas

Basic Information

Source of Geosmin and MIB in drinking water: Identifying the source and mechanisms
of taste and odor compounds at Beaver Reservoir, northwest Arkansas

Project Number:|2007AR164B
Start Date:|3/1/2007
End Date:|{12/31/2008
Funding Source:|104B

Congressional
District:
Research
Category:

Title:

Water Quality

Focus Category:[Management and Planning, Non Point Pollution, Toxic Substances

Descriptors:

Principal
Investigators:

Publication

Sonja Hausmann, Stephen K. Boss, Ralph K. K Davis

1. Winston, B., 2010. Taste and odor issues of Beaver Reservoir, Environmental Dynamics Program,
Department of Geosciences, University of Arkansas.
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Arkansas Water Resources Center 104B Program Project — March 2008 through February 2009
Project Title: SOURCE OF GEOSMIN AND MIB IN DRINKING WATER: IDENTIFYING THE SOURCE AND

MECHANISMS OF TASTE AND ODOR COMPOUNDS AT BEAVER RESERVOIR, NORTHWEST
ARKANSAS

Project Team: Sonja Hausmann, Department of Geosciences, University of Arkansas
Stephen K. Boss, Department of Geosciences, University of Arkansas

Ralph K. Davis, Department of Geosciences, University of Arkansas

Interpretative Summary: Taste and odor compounds in lakes and reservoirs are a common problem
worldwide. While in some regions the persistence of these compounds has been correlated to
cyanobacteria proliferation, actinomycetes, and standing timber, the results of this study suggest
correlations among drought conditions, Cylindrospermopsis raciboborskii, Rhaphidiopsis curvata, and

MIB.

Introduction: Eradicating musty-earthy taste and odor from drinking water is a major challenge for
water managers and municipalities. In the Beaver Reservoir, the drinking water supply for northwest
Arkansas, theses taste and odors are a result of Geosmin and 2-Methylisoborneol (MIB) in the drinking
water. The increasing population in northwest Arkansas will likely increase nutrient concentrations in
the reservoir due to urbanization which will exacerbate the MIB and Gesosmin problem driven by algal
blooms. Although tastes and odor present no direct risk to human health, indirect consequences and
implications include consumer concern, increased treatment costs, and taste and odor compounds may

be indicative of potentially toxic cyanobacteria.

The major problem associated with eradicating taste and odor compounds is that he source and
production mechanism are poorly understood. Therefore, identification of the source, condition and
production mechanisms behind Geosim and MIB production is a necessary first step in establishing
effective management strategies. Results from the study will provide information on 1) the source(s) of
Geosmin and MIB in Beaver Reservoir, 2) provide information on the conditions conducive to the release
of taste and odor compounds, and 3) aid in the development of both lake and watershed management
practices. Eradication or reduction of foul taste and odor will increase consumer confidence in the

safety of their drinking water.



Methods: Water samples were collected form Beaver Reservoir biweekly from March to October 2007.
After identifying the depth of the growing cyanobacteria using an in=situ optical fluorometer, 1 L of
water was collected with a Van Dorn type sampler. All samples for microscopic analysis were preserved
with glutaraldehyde at collection. Benthic communities were scraped from stones and treated the same
way as the water samples. Concentration of organisms were determined by adding an aliquot of a
known concentration of beads with a diameter of 6 um and identified with a phase contrast microscope
and oil immersion. Geosmin, MIB, total dissolved solids, major ions and inorganic nutrients were
analyzed from collected water samples. In addition, pH, temperature, dissolved oxygen and

conductance were measured in 1 m intervals.

Results: MIB was detected in 2007 but not in 2008 in the transition zone of the lake while the riverine
zone had no measureable MIB in 2007 or 2008. The climate was very different between sampling years.
In 2008, the taste and odor free year, the climate was much colder and wetter than 2007, when MIB was
detected. During the 2007 drought, the diatoms decreased while the cyanobacteria increased. Diatoms
of 2007 were dominated by large Fragilaria species such as F. crotonensis and F. ulna. Asterionella

formosa was highly correlated to MIB.

Conclusions: The results of this study suggest that climate played an important role in regulating the
phytoplankton community. During the hot summer in 2007, deepening of the thermocline increased TP
concentrations, the TN:TP ratio became favorable for cyanobacteria, and MIB was released due to their
bloom. Asterionella formosa was associated with the MIB peak in 2007, and did not occur below 25 cm
in the core. Phytoplankton communities during 2008, the cold and wet year, were not comparable and
MIB was generally below detection limit. Aulacoseira granulata was the dominant diatom in the

coldwet MIB-free year in 2008.

Dissertation:

Winston, B., 2010. Taste and odor issues of Beaver Reservoir, Environmental Dynamics Program,

Department of Geosciences, University of Arkansas.



Continuous Water-Quality Monitoring and Potential
Phosphorus Source Identification with Oxygen Isotopes

Basic Information

Continuous Water-Quality Monitoring and Potential Phosphorus Source Identification
with Oxygen Isotopes

Project Number:|2007AR171B
Start Date:|3/1/2007
End Date:[12/31/2008
Funding Source:|104B

Congressional
District:

Research Category:|Water Quality

Title:

Focus Category:|Water Quality, Surface Water, Non Point Pollution

Descriptors:

Principal
Investigators:

Publication

Brian E. Haggard, Phil D Hays

1. Breaker, B., 2009. Phosphate Oxygen Isotopes as a Tracer for Sources and Cycling of Dissolved
Inorganic Phosphates (DIP) in the Illinois River, Department of Geosciences, University of Arkansas.
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Arkansas Water Resources Center 104B Program Project — March 2008 through February 2009
Project Title: CONTINUOUS WATER-QUALITY MONITORING AND POTENTIAL PHOSPHORUS SOURCE

IDENTIFICATION WITH OXYGEN ISOTOPES
Project Team: Brian E. Haggard, Department of Biological and Agricultural Engineering, University of
Arkansas

Phil D. Hays, Department of Geosciences, University of Arkansas

Interpretative Summary: Excessive phosphorus in river system can cause eutrophication and impair
stream reaches due to point and non-point sources. The §'%0; signatures method has shown that it has

the potential to help understand PO, dynamics in the lllinois River.

Introduction: Excess phosphorus in streams causes eutrophication which can diminish capacity for
supporting a healthy and normal ecosystem and diverse species assemblages, diminish water supply
guality, and diminish aesthetic and recreational value. Phosphorus concentration and sources have
been an environmental and legal issue in the Illinois River in Arkansas and Oklahoma for several
decades. The lllinois river and its tributaries are subject to the addition of large amounts of nutrients
from point and non-point sources because of land us in the basin and municipal wastewater treatment

facilities in the basin.

Isotopic methods that have recently been developed enable comparison of oxygen isotopes in dissolved
inorganic phosphates, allowin soures of phosphate in aquatic systems to be identifies. This method has
not been applied in the central U.S., but may provide the opportunity to better understand the origins,
transport, and cycling of phosphorus in the Illinois River and similarly impacted streams and watersheds
in the region. By determining the oxygen isotopic composition of various phosphate sources, specific
signatures of the diverse sources may be defined, identification of phosphate sources in streams
impacted by various human activities may be enabled, and ultimately the effects of agriculture,

wastewater, and natural sources of phosphorus in the lllinois River watershed may be quantified.

Methods: Surface water samples were collected in the Illinois River Basin to establish whether
distinctive 80, signatures could be ascribed to sources such as treated effluent, animal manure, and
commercial fertilizer. After samples are taken, MaglIC (magnesium-induced co precipitation) was used
to determine nanomolar concentrations of SRP and total dissolved phosphorus from marine and
freshwater environments. Mg?" concentrations were adjusted and NaOH was added to precipitate

Mg(OH),. Samples were centrifuged downed and decanted to about 50 mL of wet Mg(OH),. The



precipitate was dissolved in 5 mL of acetic acid and then 10 M nitric acid was added. The pH was
buffered to 5.5 with potassium acetate. 400 mg of cerium phosphate precipitation was added to
precipitate cerium phosphate. The samples were centrifuged and the solution was rinsed with 0.5M
potassium acetate until all CI" ions were removed. The solution was then mixed with an ion exchange
resin and shaken over night to removed cerium ions. Then, the samples were eluted from the resin and
brought to a pH of 7. Phosphate was precipitated at silver phosphate. The silver phosphate was
vacuum filtered onto polycarbonate filters, rinse several times with DI water, and filters ere dried in an

oven. Oxygen isotope ratios were determined by the pyrolosis of silver phosphate in an elemental

analyzer.
Results:
Sample Content or Location 50,
Poultry Litter Water Extract, 1:100 20.04

Commercial Fertilizer Water Extract, 1:100 18.2
Springdale Waster Water Effluent Discharge 25.18

[llinois River South of Siloam Springs 20.83
[llinois River at Savoy 14.23
Chamber Springs 11.87
Lee Creek at Devil's Den Campsite A 20.92
Osage Creek at HWY 264 Bridge 11.89
Spring Creek Upstream of WWTP 17.24
Spring Creek Downstream of WWTP 17.93
Osage Creek Downstream from Spring Creek 19.63
Little Osage Creek at Osage Mills 11.35
Run-off from Litter Amended Pasture 10.55
Septic Tank Leachate 12.3

Conclusions: The method utitlized for this study may be used as an effective tracer for sources and
cycling of phosphates in a inland, freshwater system such as the lllinois river. As an initial study on the
effectiveness of this method, this study has shown that it has the potential to help understand PO,
dynamics in the lllinois River. More time is needed in the lab to gather enough data to sufficiently cover

processes occurring in the watershed.

Thesis:



Breaker, B., 2009. Phosphate-Oxygen Isotopes as a Tracer for Sources and Cycling of Dissolved Inorganic

Phosphates (DIP) in the lllinois River, Department of Geosciences, University of Arkansas.



Metal Mobilization, Especially Arsenic, in the Alluvial
Aquifer in Response to Water Level Fluctuations Measured
by Field and Laboratory Column Data

Basic Information

Metal Mobilization, Especially Arsenic, in the Alluvial Aquifer in Response to Water
Level Fluctuations Measured by Field and Laboratory Column Data

Project Number:|2007AR173B
Start Date:|3/1/2007
End Date:|12/31/2008
Funding Source:|104B

Congressional
District:

Research
Category:

Title:

Water Quality

Focus Category: |Hydrogeochemistry, Geochemical Processes, Water Quality

Descriptors:

Principal
Investigators:

Publication

Kenneth F. Steele
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Arkansas Water Resources Center 104B Program Project — March 2008 through February 2009
Project Title: METAL MOBILIZATION, ESPECIALLY ARSENIC, IN THE ALLUVIAL AQUIFER IN RESPONSE

TO WATER LEVEL FLUCUATIONS MEASURED BY FIELD AND LABORATORY COLUMN DATA

Project Team: Kenneth F. Steele, Department of Geosciences, University of Arkansas

Interpretative Summary: Arsenic levels present in some groundwater wells can cause severe health

problems. Arsenic levels are related to iron levels due to oxyhydroxide reduction and to aquifer depth.

Introduction: Chronic exposure to low levels of arsenic can affect the skin, liver, kidney, circulatory
systems, gastrointestinal tract, nervous system, and heart. In the Bayou Bartholomew Watershed in
eastern Arkansas several wells had water exceeding the maximum contamination level for arsenic in

drinking water. These wells also had high iron concentration.

The reduction-oxidation condition in ground water has a great affect on metal mobilization. Trace
metals precipitate under oxic conditions or are sorbed on hydroxyoxides that can be leached or
dissolved under reducing conditions. Considering the high concentration | the wells with high arsenic
values, the probable process in eastern Arkansas is “oxyhydroxides reduction”. Ground water level
fluctuation can change ground-water flow direction and these mobilized metals can ultimately be
transported to surface water resources. There is little research on the water quality and or geochemical
process associate with intensive ground-water withdrawals causing significant ground-water level
fluctuation which can decrease ground-water quality. This project will collect field samples to validates
column studies on the influence of ground-water level fluctuation on the water quality in the alluvial

aquifer, and to validate the results from physico-chemical models.

Methods: This study evaluated three conceptual models of arsenic mobilization and release
mechanisms 1) sulfur model, 2) iron oxyhydroxide reduction model, and 3) competitive ion exchange
model by interpreting chemical analyses of sediment and groundwater, and results of model simulations

and column tests.

Samples and water levels for the three monitoring wells were collected during a “dry” period and “wet”
period. Samples were collected during three periods representing 1) when water levels beginning to

rise after irrigation season, 2) when significant recharge to the aquifer occurs, 3) when maximum draw



down occurs because of the lack of recharge and intense irrigation. These three water level condition
significantly impacted groundwater chemistry resulting in difference in water chemistry.

Sediments were collected by the split spoon method and analyzed for major and minor cations and
anions and other physic-chemical parameters including dissolved oxygen, redox potential, pH, and
temperature. Sequential acid extractions for investigating sediment characteristics and potential metal

mobilization capacity was conducted.

Results: This study found that arsenic abundance is not significant in carbonate or organic matter, and
significant exchangeable As is only present at shallow depths (0-1m). Arsenic was positively correlated
to Iron, but the amount of reducible hydrous Fe, as well as its complexed As decreased with depth. As
5+ is the dominant As species in groundwater and is positively correlated to decreasing redox potential.
Spatial and temporal variability of As was controlled by spatial distribution and redo status of different
redox zones at various depths in the aquifer. The redox state was the primary control on the rate of

reduction and the amount of As in groundwater.

Conclusions: The recharge potential, variation of lithology, thickness and permeability of surface
aquitard, irrigation pumping and local flow dynamics have positive relations to the horizontal and
vertical distribution of redox zones. The amount of reducible Fe decreased noticeable with depth so the
amount of complexed As decreases with depth. Although particulate As is very low, significant
particulate Fe is present, which may facilitate co-transfer of As through groundwater flow or recharge

into deep aquifers.

Dissertation:
Kim, B., 2008, Hydrochemical Evolution of Ground Water in an Intesively Pumpled Alluvial Aquifer.

Ph.D. Dissertation, Environmental Dynamics and Department of Geosciences, University of

Arkansas, Fayetteville, Arakansas, 238p.

Sharif, M.U., 2007, Hyrogeochemical Evolution of Arsenic in Groundwater: Sources and Sinks in the
Mississippi River Alluvial Aquifer Southeastern Arkansas, USA. Ph.D. Dissertation, University of

Arkansas, Fayetteville, Arkansas. 367p.



Role of Fluvial Sediments in Modifying Phosphorus Export
from Northwest Arkansas Watersheds

Basic Information

Title:

Role of Fluvial Sediments in Modifying Phosphorus Export from Northwest
Arkansas Watersheds

Project Number:

2008AR184B

Start Date:

3/1/2008

End Date:

2/28/2009

Funding Source:

104B

Congressional
District:

3rd Congressional District of Arkansas

Research Category:

Water Quality

Focus Category:

Nutrients, Sediments, Water Quality

Descriptors:

None

Principal
Investigators:

Andrew Sharpley, Brian E. Haggard

Publication

1. Rogers, C.W. 2009 (expected). Role of fluvial sediments in modifying phosphorus export and erosion
risk potential of the Illinois River Watershed. Crop, Soils and Environmental Sciences Department,
University of Arkansas.
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Arkansas Water Resources Center 104B Program Project — March 2008 through February 2009
Project Title: ROLE OF FLUVIAL SEDIMENTS IN MODIFYING PHOSPHORUS EXPORT FROM NORTHWEST

ARKANSAS WATERSHEDS

Project Team: Andrew Sharpley, Crop, Soils and Environmental Sciences Department, University of
Arkansas
Brian Haggard, Biological and Agricultural Engineering Department, University of

Arkansas

Interpretative Summary: Interdependent processes in streams influence the amounts and forms of P
transported from edge-of-field sources to the point of impact (i.e., river, lake, or reservoir). In better
understanding the spatial and temporal extent of these processes via this project, we will be able to
more reliably define source management and conservation practice implementation to more accurately
determine eutrophic response, the magnitude and extent of change in P transport in river systems, and

how long it will be between practice implementation and water quality improvement.

Introduction: The quality of streams and reservoirs in the northwest Arkansas region are influenced by
watershed land uses, particularly areas draining agricultural lands (e.g., pastures) and urban-suburban
development. Stream concentrations of nutrients, including phosphorus (P), generally increases with an
increase in pasture land use and urban development. This project evaluates the role of fluvial sediments
in modifying P loss during transfer from edge-of-field to receiving water by establishing a standard
protocol for determining P sorption and desorption properties of fluvial sediments, and evaluating when

sediments act as sinks or sources of P to stream flow.

Methods: Five stream sites were selected with drainage area reflecting predominately agricultural,

forest, and urban land use (Fig. 1). The proportion of 1 pje 1. selected sites and land use designation

each drainage area that was urban, agriculture, and (bold text represents dominant land

use).
forest was determined from GIS land use maps for each Site Urban Agric. Forest
stream site (Table 1). Sediment samples were collected  =------- % -------
to 10-cm depth at multiple locations within a 50-m reach Chamber Springs 1 28 71
) . . . Moore’s Creek 8 33 59
at each stream site. Sediments were sieved into two .
Wildcat Creek 4 70 26
size classes (<2mm, >2mm) and relative abundance of L. Wildcat Creek 19 61 20
Mud Creek 68 7 25

each size class was determined.



Phosphorus sorption-desorption

properties of sediments were

determined by equilibrating

sediment samples with solutions

of graduated P concentrations.

The following  equilibrating Chambers Creek

solutions will be used; distilled
deionized water, 0.01 and 0.003
M CaCl,, 0.01 M KCl and filtered

stream water. e
| gn
A purpose built fluvarium =::::
housed at U of A, Fayetteville Little Wildcat Creek
facilities will be used to Y e vt 2017073 e

determine P release and uptake Figure 1. Map of sampling sites and sub-watershed land use.

properties of the sediments under simulated stream flow conditions (Fig. 2). Attached to each
downslope end of the four 10-m long by 20-cm wide by 20-cm deep troughs (slope angle variable from 0
to 15%) is a reservoir with a total capacity of 300 L from which, water circulates over the sediment.
Collected sediment will be placed into two troughs of the fluvarium to a depth of approximately 3 cm

and the troughs set at a slope representing the mean of the sampled sites. Each reservoir is filled with

. ) Top elevation
Diffuser for inflow Stoppers to prevent
sediment loss \
/ | Eafe
Il
Pipe for ;

turbulence

Side elevation Perforated grill

Sediment channel . .
~_ Direction of flow — 5

<

Hose pipes enable flow to
same trough for recycling or — T‘

Height adjustment Pump
Reservoir

Figure 2. Side-on and top view depicts one trough of the fluvarium. Three other troughs lie alongside.
Diagram is not to scale.



180 L of tap water (P less than detection limit of 0.005 mg L™) and flow pumped over the sediment at a
rate of 0.7 L/s (i.e., mean estimated flow velocity for the sites at the time of sampling) for 48 hours.
Water samples will then be taken at regular intervals with an automatic sampler. Following this, P-rich
runoff collected from manured soils will be introduced into the fluvarium reservoir and water circulated

over the sediments for 48 hours and water samples collected.

Results: Using filtered stream water as the equilibration medium, there was an increase in P
sorption by Little Wildcat Creek > Moore’s Creek > Mud Creek (Figure 3). Based on EPC, values,
sediments from the stream draining an agricultural area (Little Wildcat Creek) could support a greater
concentration of P in stream water (0.036 mg/L) than the other land uses (Table 2). As expected,
forested stream sediments (Moore’s Creek) supported the lowest concentration (0.015 mg/L). The
opposite was true for the ability of sediments to store P (Pmax), With forest stream sediment (268 mg/kg)

greater than urban (227 mg/kg) and agricultural (156 mg/kg) stream sediments.

400
Table 2. P sorption and desorption properties from i
Langmuir isotherms shown in Figure 3. ® 300 |
&
Site Dominant  EPC, P i
landuse  (mg/L)  (mg/kg) g 20r
L. Wildcat Creek i 0.036 156 2 [ Wi
lldcat Lree Agric a 100 A Little Wildcat Creek
Moore’s Creek Forest 0.015 268 = Moores Creek
@ Mud Creek
Mud Creek Urban 0.023 227 0 ) A ) A )
0 10 20 30 40

Solution P, mg/L

50

Figure 3. P sorption isotherms for 3 streams draining major

land uses.

Conclusions: Differences in the sorptive properties of sediments was observed among land uses. It is
expected that this information will explain relative differences in P uptake and release by sediment from

flowing waters in the fluvarium study.

Thesis:
Rogers, C.W. 2009 (expected). Role of fluvial sediments in modifying phosphorus export and erosion

risk potential of the lllinois River Watershed. Crop, Soils and Environmental Sciences Department,

University of Arkansas.



Spatial and historical distribution of Geosmin and MIB
producers in Beaver Reservoir, northwest Arkansas

Basic Information

Spatial and historical distribution of Geosmin and MIB producers in Beaver
Reservoir, northwest Arkansas

Project Number:|2008AR191B
Start Date:|3/1/2008
End Date: [2/28/2009
Funding Source:|104B
Congressional District: |3

Title:

Research Category:|Water Quality

Focus Category:|Water Quality, Ecology, Toxic Substances

Descriptors:

Principal Investigators:|[Sonja Hausmann, Stephen K. Boss, Ralph K. K Davis
Publication

1. Winton, Byron. 2010 (expected). Taste and odor issues of Beaver Reservoir, Environmental
Dynamics Program, Department of Geosciences, University of Arkansas.

Spatial and historical distribution of Geosmin and MIB producers in Beaver Reservoir, northwest Arkansas



Arkansas Water Resources Center 104B Program Project — March 2008 through February 2009
Project Title:  SPATIAL AND HISTORICAL DISTRIBUTION OF GEOSMIN AND MIB PRODUCERS IN BEAVER
RESERVOIR
Project Team: Sonja Hausmann, Ralph Davis, Steve Boss, Department of Geosciences, University of

Arkansas

Interpretative Summary: The presence of taste and odor compounds in lakes and reservoirs is a
pervasive problem throughout the world. While in some regions the persistence of these compounds
has been correlated to cyanobacteria proliferation, actinomycetes, and standing timber, the source and
environmental conditions remained unknown at Beaver Reservoir. Our results suggest strong
associations among drought conditions, Cylindrospermopsis Racioborskii, Rhaphidiopsis curvata, and
MIB. A sediment core analysis revealed that the reservoir has oscillated from being dominated by
populations of the diatom Aulacoseira subarctica (an indicator of oligotrophic-mesotrophic water quality
conditions) to domination by A. granulata and Fragilaria crotonensis, which are both indicators of

eutrophic conditions.

Introduction: The Beaver Reservoir located in northwest Arkansas was established in 1964 for flood
control, hydropower generation, water supply, and recreation. Beaver Reservoir experiences regular
taste and odor episodes for which causes are not yet fully understood. Phytoplankton can produce
methylisoborneol (MIB), which is a metabolic byproduct that can cause taste impairment at a
concentration of only 5 ng/L. The purpose of this ongoing project is to identify which organisms produce
MIB and the environmental conditions conducive to their proliferation. In order to test the hypothesis
that the taste and odor problem is related to human population growth in the catchment, we compare
historic data with monitored nutrients (TP and TN) and biological indicators such as diatoms archived in

the sediments of Beaver Reservoir.

Methods:

In collaboration with the Beaver Water District, water samples were collected from March 2007 to
November 2008 from the Transition (TZ) and Riverine (RZ) zones; the RZ included samples from the
White River and War Eagle Creek. Water samples were analyzed for phytoplankton, nutrients, and MIB.
Concentration of organisms was determined by adding an aliquot of a known concentration of

microspheres with a diameter of 6 um to one liter of water (Batterbee & Keen, 1982). Total dissolved



solids, major ions, and inorganic nutrients were analyzed by the Beaver Water District. In addition,
physical parameters such as pH, temperature, dissolved oxygen, and conductance was measured to

determine physical profiles for the reservoir at all sites using a HACH Hydrolab DS5 series.

A sediment core that was 85cm long was taken in 2008. For diatom analysis, approximately 0.5 g of
freeze dried sediment was treated with 30% H,0, and 10% HCL. After several rinses with deionized
water, microspheres were added to the mixture to determine diatom concentration, and then mounted
on slides using Naphrax®. Diatom assemblages were partitioned into three zones using the computer
program ZONE and the Broken-Stick model. Historic total phosphorus concentrations were inferred by
comparison of modern with fossil abundances of diatoms archived in sediments (Hausmann and Kienast,

2006). After we established a chronology, the past nutrient dynamics will be compare with the economic

growth in the catchment. 500 10
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decreased. In addition, the lowering of the thermocline during the drought might have enriched the
epilimnion with total phosphorus (TP). When TN:TP fell below the critical ratio of 30:1, cyanobacteria
domination by Cylindrospermopsis racioborskii and Rhaphidiopsis curvata began on August 20th. As a
consequence of the rain on August 25th, the surface water temperature cooled and the cyanobacteria
concentration decreased. Subsequently MIB peaked at 145 ng L™ on August 30" and the phytoplankton
was dominated by Chrysoccocus ssp. and Asterionella formosa. During the cold and wet year of 2008,
the cyanobacteria did not bloom during the summer and the diatoms were dominated by Aulacoseira
granulata, which is a diatom that likes turbulent water conditions. The TN:TP remained above 30,
cyanobacteria was generally undetected, and the MIB concentration was below the detection limit (Fig.

1).

The diatom analysis of the sediment core revealed three diatom assemblage zones (Fig. 2; DAZ 1, DAZ 2
and DAZ 3). Zone 1 and 2 were characterized by Aulacoseira subarctica indicator of oligotrophic-
mesotrophic water quality conditions. Zone 2 is dominated by A. granulata and Fragilaria crotonensis
both indicators of eutrophic conditions. In DAZ 2, diatom-inferred TP concentrations were up to 200 pg
L™. At low TP optima, the diatom community was dominated by Navicula cryptocephala and Nitzschia
amphibia, while high TP was dominated by Fragilaria crotonensis, Surirella robusta, Gomphonema

Olivaceum and Aulacoseira granulata (Fig2).

Diatoms of Beaver Reservoir Analysis: Byron Winston 2009
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Figure 2: Diatom Assemblage Zones (DAZ) showing the dominant diatoms down the sediment core.



Conclusions: The results of this study suggest that climate played an important role in regulating the
phytoplankton community. During the hot summer in 2007, deepening of the thermocline increased TP
concentrations, the TN:TP ratio became favorable for cyanobacteria, and MIB was released due to their
bloom. Asterionella formosa was associated with the MIB peak in 2007, and did not occur below 25 cm
in the core. Phytoplankton communities during 2008, the cold and wet year, were not comparable and
MIB was generally below detection limit. Aulacoseira granulata was the dominant diatom in the cold-
wet MIB-free year in 2008 and also in DAZ 2. The diatom assemblage zones in the sediment core of
Beaver Reservoir may be a reflection of human activity within the watershed of Beaver Reservoir and
will be assessed once the Pb*° data is received. In Summer 2009, the hypothesis that lake stratification
induces cyanobacteria bloom will be tested using a series of limnocorrals in collaboration with Thad

Scott.
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Interpretative Summary: Carbon and nutrient cycling in karst systems show seasonal trends which are
overprinted by short-term local changes in weather, temperature, and precipitation. Decreased
seasonal variation in organic matter and nutrient concentrations and carbon stable isotopic composition

(6%°C) of seep waters indicate cave environments are capable of some nutrient attenuation.

Introduction: Karst aquifers are characterized by high secondary porosity and a component of
groundwater flow focused along fractures and conduits (Ford and Williams 2007). This focused flow
causes karst aquifers to be especially vulnerable to agricultural pollution because surface waters with
increased concentrations of organic matter and nutrients can be rapidly transmitted into the subsurface
(Panno et al. 2001, Peterson et al. 2002). Understanding how nutrients and organic matter are
processed in karst systems is critical to designing and implementing effective manure management and
sustainable agricultural practices.

Inorganic and organic carbon (C) pools are closely linked to biogeochemical processing of
nutrients, especially nitrate (NO3’). Denitrification is an important mechanism for removal of NO3™ and
has been found to be limited by the availability of dissolved organic carbon (DOC) and produces
dissolved inorganic carbon (DIC) (Knowles 1982). Stable isotopes of carbon, nitrogen, and oxygen have
proven valuable tools to monitor nutrient processing in karst systems (Panno et al 2001, Winston 2006).
The differences in isotopic abundance during biogeochemical transformations are small, so 6 notation in
units of per mil (%o) are used, as defined:

I tﬁfﬂlfﬁrru:f ]
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where H is the heavy isotope and L is the light isotope, such as the ratio of **C/**C.

Northwestern Arkansas is characterized by karst topography, including abundant caves,

sinkholes, and springs, and a large agriculture industry. Nationally, Arkansas is ranked second in broiler

production, fourth in turkey production, and seventeenth in cattle production (United States



Department of Agriculture 2007). Studies from northwestern Arkansas have found that DOC and NOj’ in
groundwater vary seasonally and with precipitation events (Winston 2006). Additionally, the soil and
epikarst zones are important for NO3 storage and biological processing (Peterson et al 2002, Winston
2006). This study aimed to further investigate the seasonal dynamics of carbon and nutrient cycling by
monitoring changes in the concentrations and isotopic composition of DIC, DOC, and carbon dioxide

(CO,) along groundwater flow paths in a karst system from the soil, to a cave, to discharge at seeps.

Methods: To quantify changes in the cycling of C and nutrients in the karst system, water and gas
samples were collected from soil, cave, and seep locations using a combination of monthly and
continuous monitoring. Water samples were collected from two soil lysimeters, one location within the
cave, and two seeps on a monthly basis. Physical parameters including temperature, pH, and
conductivity were measured during sample collection. Water samples for DIC/DOC were filtered
through 0.45 um filters and collected without headspace. Water samples for basic geochemistry were
collected following the procedures of the Arkansas Department of Environmental Quality. All water
samples were kept chilled until analyses. Gas samples from the two soil lysimeters and cave
atmosphere were collected in serum bottles purged with helium. A Vaisala CARBOCAP ® Hand-Held
Carbon Dioxide Meter was used to measure CO, concentration (pCO,) during sample collection.
Additionally, a LI-COR© LI-840 CO,/H,0O Gas Analyzer continuously recorded the pCO, of the cave

atmosphere.

Results: Concentrations and isotopic compositions of DIC, DOC, and CO, were found to vary over the
sampling interval between fall (September to November), winter (December to February), and spring
(March). In the cave atmosphere, pCO, dropped from approximately 4,000 ppm in September to 750
ppm in late October. The 6C values of cave-CO, also changed; during the winter compositions became
heavier, reflecting an input from atmospheric CO,, whereas in early spring compositions reflected a
dominant soil-CO, signature. The isotopic compositions of cave-water DIC also supported this
conclusion; during the winter compositions became heavier, indicating increased contribution from
calcium carbonate bedrock. DOC concentrations generally decreased through the winter and the §C
values became lighter, possibly reflecting a source of lighter, labile organic matter that is preferentially
processed during the growing season. The variation in data suggest long-term seasonal trends
complicated by a high frequency pattern related to recent local weather, temperature, and

precipitation.



Conclusions: During the winter, cooler surface temperatures and decreased biogeochemical processing
from vegetation and bacteria cause greater C input from atmospheric and bedrock sources.
Atmospheric C enters the cave either through ventilation due to a temperature gradient between the
cave and surface atmospheres, gas seepage from the soil zone, or gas exchange from infiltrating water.
During the fall and spring, a more dominant organic carbon signature reflects the increased contribution
from the soil zone. Changes in the C isotopic composition of DIC and DOC reflect the effects of both
biological processing and dilution during precipitation events, which illustrates how local climatic

changes alter long-term seasonal fluctuations.
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Information Transfer Program Introduction

Information transfer is an important part of the Arkansas Water Resources Center. Each year, the AWRC
sponsors a water conference held in Fayetteville drawing in around 100 researchers, students, agency
personnel and interested citizens to hear about results of current research and hot topics in water resources
throughout the state. This year's conference focused on water resources management, water quality studies in
transboundary watersheds, nutrient hotspots,and riparian forest buffers. The AWRC also co-sponsors short
courses and other water-related conferences in the state and region.

In addition, the AWRC maintains a technical library containing over 900 titles, many of which are online.
This valuable resource is utilized by a variety of user groups including researchers, regulators, planners,
lawyers and citizens. Many AWRC publication have been converted to electronic PDF format which can be
processed via our website at http://www.uark.edu/depts/awrc/publications.htm. The AWRC will implement
new formatting and technical requirements to increase the aesthetic value of our final reports and facts sheets
from sponsored research.

Information Transfer Program Introduction



Arkansas Water Resources Center Information Transfer
Program

Basic Information

Title:|Arkansas Water Resources Center Information Transfer Program
Project Number:|2008AR201B
Start Date:|3/1/2008
End Date:|[3/1/2009
Funding Source:|104B
Congressional District: |3

Research Category:|Not Applicable

Focus Category:|Surface Water, Groundwater, Water Use

Descriptors:|None

Principal Investigators: [Ralph K. K Davis, Brian E. Haggard
Publication

Arkansas Water Resources Center Information Transfer Program



SNTTNONOV 40 NOISIAIA < 2
SYSNY2IIV 40 ALISYHAINN %

AJFLNID NOILYONAT ANV HOYVISIY AIHSUILVAN

SVSNVMYY 40 ALISHIAIN(
SVSNVMYY ‘ITIAILLIAVS - 600Z ‘S L-F L TdY

JONIUIANOD AIHSHILVM
ANV HO¥VASIY TVNNNY 6002

M=

YILNID SAJUNOSTIY HILYM SYSNVYIYHY




‘ue|d Juswabeuew paysiajem sl
Y9819 Jul|4 wol} ajdwes
PRnreveipdmmAVII 10 Juswdojeaep 8y} pue weiboid
Bullojuow J9dUNOA S dMYI @Ul
Buipnioul diysiauled paysiaiepn
Janry  sioul] 8y yum sposfoud
aAljeladood S OYMY U} JO |eldAas
paybiybly  seoinosay  Js1epA
JO 8nysu| |euoneN 8y ‘Jesk syl

"08€°0Z$ ‘@4n)noubY JO UoISIAIQ YN ‘SIdwoy enysor
‘sawibay MO|4 WIO0}S-UON pue WI0)S Japun paysiajepn
9SN-PaxXIN B Ul SJusuLNN JO uoninjoAg |eulpnyibuo] =

'081°12$ ‘@Inynouby Jo uoisIAIQ YN ‘NOOS
peyl ‘SIIOAIaSayY Juswpunodw| JOAIY Ul uonuUSeYy
uabosiN pue ‘BulpA) usboljN |eussiu| ‘uonedlIUSQg =

"000°0Z$ ‘sesuexiy jo
AjIsiaAlun ‘SUYAA-SUBAT 9||aydI|\ ‘SweallS JajempesaH
pueybiH 3JezQ ul SjusAg pooj4 0} wsijogels|N weans
JO 90Udl|ISeY puUB BdUBISISOY UO S)09Y 3 OSN-pue] =

:Buipnjoul syoaloid sauy)
papun} 1ajudy) S82IN0SaY JBJe\\ Sesueyly 8yl ‘deak siyl

'01lgnd ay} pue siebeuew
Jajlem 0} yoJeasas palosuods Jo synsas  Bunusisuel)
pue ‘sieaulbua pue S)sSiUBIDS Jajem aininy ulel) o} Buidiay
‘Spdl} $92JN0S8I JB)EM OJul SISIIUBIOS YdJeasal Mau Jo
Anua ay) Buipie ‘Buipueisiapun Jno sedueyua pue swa|qo.d
Jolem sassalppe jeyl yosesasal jusyedwod Joy Buibuese
yum pabieydo aiem salnjiisu| J8jua) YoJeasay S92In0Ssay
I9)ENN BJElS BUL 'SdjelS pajun
ay] 1noybnolyy  sanIsSIBAIUN $383ino0say lajem 10}
uelb pue| je J8ua) S82JN0say  SAINMISU] [EUOIIBN Ul
Isjep sesuexly &l suonnisul g .
yoleasal Jayem Bulysiigeiss 0y
yoleasay S92In0Say  JS1epA
ay) passed ssalbuo) ‘v96| U|

1OV HOJUVIASIY SIADUNOSIY d3LVAM FHL

;mI m::mm:@cm m»ﬁ mm o

2

.....I—ud.../




(S0 wooy ‘sieysod e puels pjnoys siajuasald)
uonnadwo) 181sod JUspniS pue uoIssag J81sod 0€:El
(1@h04) enbaqueg s,p3 uinbuad — Mealg youn 0£:Z2)

NOISS3S ¥31SO0d ANV HONNT

(npaen@paebbey) Jajuan s80IN0say Jajepp

sesueyly ‘pJebbeH ueug ‘sebueyn Juswabeuely paysalepp
Jaye uiseg meuinedgs—eyong ay) ur sebuey) Ayjenp Jajepn
(nobB-sBsn@ma|elisal)

ewoyep|O ‘AllD ewoyepO ‘AeAing [eolbojosn

SN ‘MajeisT [ayory ‘awll] -|eay Ul S)8a1) meuinedg pue
Ajeag ui suoiesjuadu0)) JusUINN dlewi}s3 0} S|9POoJA uoissalbay
(npa~en®@00si)

ain)nouby Jo uoIsIAIQ YN ‘uswledaq seousios
[eJusWwUOIIAUT puUe ‘[10S ‘dou) ‘N0IS peyl ‘PayYSISIBAN JOAIY
sloulj|| JomoT 8y} Ul Spual] pue suoleljuadsuo) snioydsoyd
(npa-ajeIs0@x0b Aaieb)

Ajslanlun 83e1s ewoyep O ‘swuedsq buussuibug
swia)sAsolg ‘x04 Aaieo ‘suie|dpool4 ueuedry ul syled

MO|H [enualajald ybnoiyy snioydsoyd jo podsuel] aoeunsqng

FUNLINDIYOY 40 NOISIAIQ YN “TAINVG ANNO ] :¥MOLVYIAOWN

-0¢c:¢l
-Ge: 11

Skl

GG:0L

ge:0l

S0l

SAIHSYILVM AUVANNOISNVY ] NI STIANLS ALITVND ¥ILVAA g NOISS3S

yealg juswysaliey pue suonsanp ‘uoissnosig dn-mojo4
(wooo0sse

-UR@IMY) S8JBID0SSY N1 ‘Uojuioy] juay ‘uswabeuel
$901n0SaY JBJeA JO Allleay pJeH 8y} pue Saoualog Jos
(nob-sbsn@.ajjanwi)

opeJojo) ‘JaAaua( ‘Aeaing |eolbojoss) SN ‘Jo||en|N aAe(q ‘SpasN
ejeq pue sajdioulld oiseg—Ajend Jajepn UM sisAjeuy pual]
(npa~yien@ayols) sesuely Jo Alisianlun ‘Buliesuibug

pue 90UBI0S P00 JO BJNJISU| ‘OXOIY 9ABIS ‘S20IN0SY JalepA
pue 22usI0S poo- Buibiay—uoneoiyuap| 82.N0g |elaloeq
UOIIONPOJIU| PUB SWODBAA

FUNLINDINOY 40 NOISIAIQ VN

0S:6

02:6

0S:8

0¢:8
GlL:8

UILINID STOUNOSTY UILVAA SYSNYIAY ‘QUVOOVH NVINg :HOLVHIAON

S21dOJ TVIO3dS-1INIWIDVNVIA STOUN0STY ¥ILVM : | NOISSIS

6002 ‘v1 TdV Avasany

ATNA3IHOS NOISS3S VO

(1071 Bunjied eualy S20UBIDS [EWIUY JO)ENYAA BulNed
1€ 199|\) dOySHIOAA pUE INO ] pIal4 Jayng 1sai04 ueledry
(umQ JnoA UQ) younT

saljiunuoddQ |euoneonpg
pue wsuasuN[oA ‘ssaubuljip) Jop|oyayels 9 uoissasg

yealg 890D

MOUY| 0} paaN hoA Buiyifiang
—101 (sg4y) siaung 1saio4 ueledry :G UOISSOS

saljsed ‘eoinp ‘ealon

6002 ‘Gl TI¥dV AVASIANA3INA

uoojeg peayjiey je [el00S
‘'sndwe) sesueyiy Jo AlISIaAlUn 8Y) Uo Jsjeay |
uolun sesuedly 8y) Ul J81epA pe|gnol], slussaid NIV
sejepdn JeAly 21usog pue Aousby sesuely i UOISSeg
yealg 99100
slayng se104 ueledry pue s}odsjoH JUsUINN :§ UOISS8S
uonedwo) 18)sod Juspnig pue uoissas Jo)sod
yealg youn-

spaysialep
Alepunogsuel] ul selpmg Alenp Jelep\ g UOIsseS

yealg 880D
so1do] |elpadg-uswabeue|y S80IN0SaY JoJBAA [ | UOISSOS

salsed ‘aoInp ‘eayo)

6002Z ‘V1 1¥dV Avasany

JONVIO V 1V AVHOOud

FONFHIANOD TVNNNY DHEMVY

00:G1-00:€1

00:€1-0€:L1

0€:1L1-GL:01
G1:01-05:6

0§:6 -G¢:8
G2:8-0¢€:L

00:¢2-00:0¢

05:61-00:61
0S:91-01:S1
0L:S1-0S:v1
0S:v1-0€:€1
0€:€1-0¢€:Cl
0€:Cl-G¢: L1

SE:1L1-GL:01
S1:01-0S:6
0S:6 -G1:8
G1:8-0¢€:L



"J9JUBSald 18]S04 Juspn)S ‘npa-ylen@yzlIxe ‘sesueyly Jo AlisiaAlun
‘s@oualog [ealbojoig Jo Juswuedaq ‘piebbeH "3°g pue ‘@)Y \\-SueA]
‘IN ‘L USSUS[ "N'J "UOleI0}SaY 2uoZ uelediy e 0} Jold weans
JajempeaH e Ul suialjed gap\ POO- 8leigapuaAuloloe|y dlyjuag

‘npa-ylen®pJebbey ‘ainynouby Jo uoIsIAIg

VN ‘Jelus) s80inosay Jojep) sesuedly ‘piaeq NN pue piebbeH
'3'g "ewoyep|O pue sesuedly ‘uiseq JaAly Sioul||| 8y} je elsioeq
10)e2IpU| [BO24 10Ipald O} S|9POIN paseg-uoissalbay jo jJuswdojonag

‘nobB sBsn@ma|elsal
‘AD ewoyep|O ‘Aening |eoibojoss) g ‘majelsT 'y uiseq
Mmeuinedg-eyong ay} Ul SPISIA pue ‘Speo ‘Suolesjuasuod) JusinN

"18)ussaid

18]S04 Juspn)S ‘npa-ylen@ayelpuq ‘sesueyly Jo AJISIaAlun
‘S9OUBI0G [BlUBWUOIIAUT pue |I0S ‘doi) Jo Juswpedsaq ‘siaboy
‘MO pue ‘piebbeH '3-g ‘As|dieys "N'v ‘Bods “L'r ‘.e¥eld ‘IN'g
‘SWeal}S sesueyly 1SOMULION |BJOASS Ul SUOSESS OM| JaA0 ayeydn
snioydsoyd uojfydiad uo ainjesadwa] pue jybiT jo 108y3 ayl

sn pay si@dniow ‘sesueyly ‘9[|IA|lasSSNyY ‘@2IAIaS 1$8404 YASN
‘S99 N pue ,dwni) |\ "S}S8104 |euoheN Slouel ‘1S — 3}iezQ sy}
UO SJUBWIPaS puod Ul Suoljejuasuo) [eja|\ AAeaH JO uoljenjead uy

‘noBrepsn sie@epnq-Auoyjoue

‘eluenjAsuuad “Wied Ausionlun ‘SHV-vAsN ‘ellemed

¥’ pue .epng 'y "ulela] }sie) pue Sasn-pue paxi Yum uiseg e
uo sadojos| Buisn syied mo|4 pue s804nog djellN weals Buijoel |

‘npa- I en@osueq| ‘ainynauby Jo UoISIAIg YN

‘J191U8D) S82IN0SY Jale\\ sesueyly ‘piebbeH "3°g pue yosueg ‘q-]
'sabieyosiq juany3 [edidiuniy 88y Jo wealsjsumo( [euslel pag
pue Jajep) ul spunodwo) Jajemalsepn dluebiQ pue s|eonnasewleyd

"19]UsSald 19)S04 JUBpN}S 'Npayien@|yejsey ‘sesuerly

10 AlIsIaAIUN ‘S92UBIDS |BjusWIUOIIAUT pue |10S ‘dol) jo Juswuedaq
‘UINBS "D'IN PUB LJUBISY "T'M ‘Jue|d Juswieal] Jajemalsepn
[edioiuniy e ul spiwse|d abuey 1SoH peoig Jo aouajsisiod

"'sn"pay’si@dniow ‘sesuexly ‘9|IA|[assny

‘@oIAI8S 158104 Y SN ‘198duabul) v pue ‘ dwni) v'IA ‘|Idueg
"S"Y “SUIBJUNOA }JBezQ 8y} Ul sweald)S JapiO-mo Bunoidaq Joj YJopn
piai4 pue ABojouyosa ] SO Buluiquo) :saainosay |eubiq buiziwixely

:S19)S0d JO }SI7

‘Buiuans Aepsan] |eloos
ay)} Buunp pedounouue aq |m uonnadwod Jsisod juspnis
ay} Jo Jauumm ay| -Aepsan] uo Nd S Aq Msep uonedisibal
ay] 0} wloj paleldwod 8yl ulnjas asesld  ‘suonsanb
Jamsue 0} Ajjige sjuspnis a8y} se ||om se ‘Jjasy Jsjsod
a8y} uo peaseq siaysod juspnis oauy} do} syl yues ases|d
‘Jap|o} JnoA ul papiroid wuoy 8y} uQ “JeaA siyy uonedwod
Jo)sod juepnis ey ul Bunedionued ale sjuspnis |eJoASS

:uonnadwo? 18)sod juapnis
"0€:1-0€:2] wouy siaysod Jisy) Je aq ||Im siejuasald 1e)sod

neaing wJe{ sesueyly Aq paiosuodg
L0V-G0 SWOOY ul 0€:L-0€:-CL

NOISS3S d31S0d

L 0DTq e MM IR
L) o 8uegl n %
[9M jeuoney s3owoid 0} pue Juswdue

Aytunsodd

FANLTINDIYOV 40 3DI0A FHL

SYSNYIV

nvaing

WiV

nealng wie{ sesueyly Aq paiosuodg
Jahko4 ayy ui1 0g:Z1L-GE:LL

g9 S.d3 NINSN3d



(Jou18U|IN}®D21S0) UOISSILIWOD

SIBAIY D1USDS BWOYEPQ ‘94 P ‘Paysisiep JaAly sioull|]

8y} ul sue|d ueuedry pue Bulojuopy eusioeg [esa4 81a10sIq
(nobB sesuexy e@Ia|pueyd-eipues ‘Aob sesueyie@ylws|aiuep)
yyesH jo uswpedaq sesuey ‘Js|pueyd

BIpUBS pue Yjws ueq ‘suaboyied pue ‘weiboid uonosjoid
peay|lap ‘weldbold uonoajold J8)eA) 82JN0S S Sesueyly
(sn-ie-aye}s-bape@umolp) Ajjenp

[B]JUBWIUOJIAUT JO JuBwlieda SESUBYIY ‘UMOI(J BAS]S ‘S92IN0SaY
J8]eAA sesueyly ul welbold Buuojuopy Alienp Jajep) Jusiquiy
(nob sesueyie@olwel Auo}) UoISSILIWOD)

$982JN0SaY |elnjeN sesueyly ‘Yolwey Auo] ‘suonoalig

alnn4 pue sjosfoid juaung ‘elepdn—welboid g1 € S.sesuexly

ALISH3AINN JLVLG SYSNVYYHY ‘SOILYINIHLVIA| ANV JON3IDS

1A 4

00:v

Ge:€

0L:€

40 3937109 FHL 40 NvI(Q LVIOOSSY ‘SIHUV ] ANYI[ (HOLVHIAO

S3ALVAdN ¥IAIY JINIOS ANV AIDNIOY SVSNVMAY :§ NOISS3S

(Buo"1sBOU-0ISEBUI|IYDSS) JUBWBAoIdw] weans

pue JIy JO [IoUnog [euoleN ‘Buliyos ou3 ‘Aousiolg JINg 19104
(sn-pay'sj@iybienss) gN ‘ujoour ‘1swuan Ansaliojolby [euoneN
vasn ‘ybiens pieyory ‘4eyus Ansalojoiby ayj je yoieasay
(nob-epsn-sie@epng Auoyjue) eiueajAsuuad

‘ab9||0D 91.1S ‘SYV-YASN ‘epng Auo] ‘elueajAsuusd

ul adojs||iH |ean}noLIBy ue Buoje youny aoeung Ul sigjsuel |
snioydsoyd uo uswabeue pjai4 pue ABojoipAH 1O S}oau]
(npa-uingne@jne|)

AlsSIBAIUN uINgNY ‘SB0USBI0S BMIPIIAM PUB AJ)S8104 JO |00YDS ‘Uljey
Jl1e ‘spaysialep) |e1soD eweqely Ul Ajljend Jajep) pue asnpue

OTT13JILNOIN VN

oc:vi

oL:vi

0s:€1

0€:€l

YIINTD I0UNOSTY 1STHOH SYSNYMHY ‘ALHOTIT IVH :HOLVYIAOW
Sy344ng 1STUO0 NVINVdIY ANV SLOdSIOH LNIIMLNN :€ NOISS3S

6002 ‘v 11ddyY Avas3ang

‘npa"len@o)suimg ‘sesuely Jo
Ayslaniun ‘welboid solweuAq [elUSWUOIIAUT "SSOg S pue ‘Usalo)
MM ‘UebBlopy vy ‘SiABq Y ‘N09S "1 '[ ‘UewsneH 'S ‘,UOISUIAA

‘g ‘uoneuiquo) Bunse| peg Y—g|IN pue eLisloegqouruA) ‘Blewl|D

‘npayen@el|imim ‘sesuexly Jo Alisianiun ‘Awspeoy

80U8I0g Jawwng punog piemdn ‘ulogey ueug pue ,SWel||Ip)
‘MT IPUBAA "yoleasay ybnouy) Aol0od pue s8ssa00.d JIeAN
punouis) 0} 8oeung Bunosuuo) :Awsepeody aousiog punog piemdn

"18)U8S8.d 18)SO

JUBpN)S ‘Npa“yIen@pue|e)o ‘Seousiog [BJUSWUOIIAUT pue |10S ‘dol)

Jo juswuedaq -1ahog ‘| pue ‘piebbeH ‘3'g ‘.puejo] "D "Sjo0Yy
[BuOllpEI] pUE ‘SJ00Y UBaI9) paysiigeis] ‘sweals ueqin wody
Jajep\ Jouny ul suonejuadsuo) snioydsoyd pue usbouyiN ‘uogie)

‘npa~len@siawoll ‘sesueyly Jo AJISISAIUN SSOUSIOS [eJUSWUOIIAUT

pue 105 doi) Jo uswiledaq "8ssiy ‘N pue ‘ayljopey ‘3'd
‘uosyoer 'y ‘,SIewoy ' 'suoneladQ ainjsed-Alnod [eloJawwo)
Buiulelq swealls JejempesH Ul speoT snioydsoyd Jo uoiewnsg

"JejUssSa.d 18)S0d JUspn}S npa-yien®siaboimd

‘sesuey)y JO AJISIBAIUN ‘S8OUSIDG [BIUSWIUOIIAUT pue |10S ‘doi)

Jo Juswedaq ‘exelq ‘IN'g pue ‘noos "1 ‘plebbeH "3'g ‘Asjdieys
NV ‘819604 "MD "Paysisjep\ JoAlY sloul]|| 8y} UIYIm swesals
109|983 J0O sonsusloeley) uondiog-snioydsoyd pue uonnguisig

“IoJussald 18]Sod JuspniS ‘npe-yJen®@Blupoly ‘sesueyly Jo
Alslenlun ‘ssauisnguby pue solwouooT |ein)noluby Jo Juswiedsq
‘nuebuniepy "D pue ,zenblpoy 'O'H ‘Sesuedly 1SOMYLION

Ul paysJalep) 9T Ujodul 8yl ul Jouny snioydsoyd [e1o| aonpay
0} pas( seonoeld Juswabeuey 1sag JO Juswade|d pue uoos|es

‘npa-yien®bulbuols ‘sesueyy Jo Alsianiun

‘Buiesuibug |eoibojoig jo Juswiedaq ‘piebbeH ‘3'g ‘ .buibuo
‘Q’'S '18jua) uoleonpg pue yoleasay paysialep ayl 1e jejigeH
oljenby pue abejquiassy 8)jelqalaAu| 8y} JO JUSWISSSSY [eljiu] uy

‘npa ylen®ya|w ‘sesuedly Jo Alisianiun
‘bussulbuz jeinynouby pue |eaibojolg jo Juswuedaq ‘ajuesy

"M pue ‘uaiyio) r ‘Aegney) °| ‘meleg ‘s ‘,ys1 ‘N Aswwelbojoyd

[enbiq pue sabew) Buisn uoisol] yueg weaus Buunses|y

‘npa en@uLIBIUYY ‘sesuedly Jo Alisianiun ‘welbold

SOIWBUAQ [BJUSWUOIIAUT "SABH "d PUB ¥400]|0d T ‘, Wwnualuyj

™Y "WaISAS 9ABD-[I0S SESUBYIY UJB}SOMULION € Ul sexn|
auINN pue uogse) Ayuap| o} sadojos| uogied 9|qels 40 asn ayL

‘8l

'L

91

Sl

vl

€l

Cl

e

01



AV 104dadAH -—- -—Fo

‘WO’ |_JUBWUOIIAUDYIBY MMM
je Jno wayj }o9yod 10 L£8G-882-CLG
je ‘Jabeuep J0alig A1ojoe4 ‘YAo01d aaeq
JoBRjUOY “sjuswiniisul abieyosip/|ons)]
J9)em ] | O pue sjuawnujsul Ajijenb iajem

gejolpAH sainjoejnuew [eluUdWUOIIAUT YoeH

W YLIOM SI JuswwuosAug ayj JblY og

[ejuawiuoldinug

®

[910H uejjodowis0)) 8y} WOy Y[em 3}NUIW G|~
(s)00y 8y} UO pue ossig asaueder MOAN Usam)ag)
19311 UOSHIIQ M 0GG 18 pajedo] sl Uoojeg peay|iey

[ejuswuodinug yoeH Aq palosuodg
INd 0€:6-00:8 woJ} 7| Judy ‘Aepsan

TVIO0S NOOTTVS AVaHIIVY

'92In0sal a|qeade|daldl sIy}
1098]01d 0} Op 0} poduU aMm Jeym pue ‘sesueyly ul pabeuew
S| JojeMm MOy Jnoge SolO}S pue suoluido Jivoy} aleys
sSuazio pauisduod pue ‘spadxa  ‘sisibojoeb  ‘siewleq
‘'SesuBMJyY Ul SISO Jojem e Joj |epusjod 8y} inoge
alow ules| 0] dlelS 8y} SSoJoe S|oAel) jey) Alejuswnoop
alnuiw-Aixis  jeuibuo N13Jy ue sI Jd)ep\  pajgnody,

"8}e1g 8y} JnoybnoJy)
siayinbe ul Buiddoip aie s|oA9| Jojem pue ‘spaysiojem
ay} ul uswdojoasp pue ymoldb woly Buusyns si Ajjenb
J8)epN  "moys o) Buiuuibaq ese subis sy} pue 821no0sal
[enuassa siy} buiuiesns s uoneindod pue  ‘einynoube
‘Alysnpul ul ymous) “jgnop ul 8q Aew ajels youl Iajem e se
SNjejs JNOo }ey}—uladuod uowwod e Buisies aie ajels sy}
JO sued jualaylp ul sanssi Jualaylg "848y oAl oym ajdoad
By) Se paleA Se S| Sesueyly Ul S82In0sal Jajem Jo Apnis v

13 191 10

AT
L

[210y ueyijodowso) 8y} WO} Y[em alnuiw Gz~

9AY puepe9 N GEY
"uolun JUspN]S sesuely 8yl ul sndwe)
sesueyly Jo AlISIaAIUN 8Y) UO paleoo) s Jeyeay| uolun eyl

Jajeay] uolun juspnigs sesueyly
INd 00:8-00:/ woJ} 7| Judy ‘Aepsan

«Jd3LVAA dIT9N0Y L, SINLIVY




A Jewapy F

W oook
S e ———
=]
s N
BEuEss e
@ |S
-y
>
g
B ddeuy sggl
4 2 EUaJY 20USI0E |BWIUY
3 z . IaNeNYM sulned
= 1S ddeuy ddewry
..m_s gshh Mu WH
- = =
=S
> mJ."
I3 M
i

anl |IeH

ah

"J8)ua) 9oUBI0g [eWwIuY JaXENYAA sulined Bunousp ubis
[lem aBJe| e 82110U [|IM NOA "I8| JNOA Uo 198.11S ddeuyj yoeal noA jun ZL |
-¥V/puUeleD Mojjod "ZLL-HY /AAY pueues ojuo Jybu uing 1eangs aidep
M OJUO 18| UIN] "8nuaAy 1SeAA N UO JybBll uin]  "1@8)1g uosHolg Ojuo
US| UIN] "8nusAy iseg N UO yuou pesy ‘|9)oH uejjodowso) 8y} Wol

‘sesue)ly 9||IAe))aAe ‘oaa)g ddeuyy
M GEE| Je pajedoj| si I9jua Sa2UdIIS [ewiuy Ja)eHIYA duljned

107 Bunyied
BUSIY S90USIOG |BWIUY JOXEIUAA dulined 8y} Je sue)s Jnol 00:S)

JUNLINDINOY 40 NOISIAIQ YN ‘LSIM MONHD ANV HIONITHNLS
SIMHY ‘ALHO3IT TVH ‘QHVOOVH NVI¥E ‘NVHONINNND TTAY :S¥3IAVIT ¥NOL
¥3INTD NOILYONAT ANV HOHVISIY AIHSHILVM
Q3NNILNOD dOHSMHOAM ANV ¥NO0J 1314 ¥344ng LSIHO4 NVINVdIY

(umQ JnoA uQ) Yealg youn-

(npa-yuen@p.iebbey)

ain}nouby JO UOISINIQ YN ‘19}UdD) S80IN0SaY JBJepA

sesue)ly ‘plebbeH ueLg ‘sue|d ainjn4 pue SallAlOY Jualingd
‘uononpo.IUI—lIalUSD UOHEBONPT pue yoleasay paysialepn
(npaten@Ajadieys)

21n}noLIBY JO UOISIAIQ YN ‘luswpeda SaoUsI0S [BJUSWIUOIIAUT
pue [10S doi) ‘Asjdieys malpuy ‘sesuedly Ul salouaidg dNg
pue saoljoeld Buiwie Buloyuo—ideouon swie AloAoosiq
diysiauned paysialep JoAly sioul||| ‘4o3oaliq

aAlNoaxg “YeeH eljeq ‘diysiaunied paysiaiep) JoAry sioul||| 8yl
wouy sayepdn—>bHulo)uoly Jasjunjo pue 108loid ueledry ay|
(npa-aieissw-ole|@Ja)00mneyos))

Aisianiun aels 1ddississIy ‘@1njoa)yoly

adeospue Jo Jusweda ‘1oy0aIMNeyoS Wi ‘paysialepn
iddississiy e Ul sdiNg @SN 0} ssaubuljipy Jepjoysyels
(npa-xaen@iemselesp)

90IAI9S UOISUd)Xg aAleladoo) v ‘lemseles

eipusweyq ‘pPaysialepn JaAry afjinbuy, ] Ul 1aA0) Jayng
ueriedry BulAioluaau| Joy sayoeoliddy ABojouyos | [enedsosn)

0c:L1

'TA1%%

Skl

GG:0L

g€:0l

S0l

IDIAYIS NOISNILXT FAILVHIJOO0D VN ‘WYHONINNND FTAY :HOLVIIAON

S3IILINNLYOddQ TVNOILYONAT ANV
WSIMITLNNTOA ‘SSINONITIIAA ¥IATOHINVLS :9 NOISS3IS

(npa-juowenmaddey)

0[|201IUOIA YN ‘J9JUSD $82IN0SdY }S8.0 sesueyly ‘odde |

[lUd ‘sisalo4 pabeuely ul siayng ueliedry Jo sanjeA Pl
(npa-xaen@uweybuiuunoy) adlAIeS

uoisua)x3 aAneladoo) yn ‘weybuiuung ajAy ‘sisysesiq [einjeN
agAe|\ pue ssa00ng o} Buluue|d—L 0| sieyng jsalo4 ueliedry
(nparuowen@uabulynis) Jabeuey 150104 WolsAS

sesueyly Jo Alsianiun ‘Jabulynis suyo ‘||IdYSINN B Ul Uoijos|es
9al] pue Bunue|d ‘uoneledaid 8)IS— 0| Sloyng 1sa104 ueuedry
(npa-juowen®@Ayoial))

0[|221IUOIA YN ‘18JUBD S82IN0SaY 1S90 sesueyly ‘Ayojal

[eH {AUM pue a1ayp JeuM—L 0L siayng isaio4 ueuedry
(npajuowen@®@Ayoial|) Oj|eoluUo

VN ‘J8juan) so0In0say 188104 sesueyly ‘Aydlal |eH ‘UoloNnposu|

SVSNVMY 40 ALISHIAINA “T13dNVH IMI :HOLVIIAOWN

MONY| OL @33N NOA ONIHLAYIAT
—101 (sg4y) s¥3ad4ng 1SIHO4 NVIIVIY :G NOISSIS

6002 ‘Gl Tidy AVASaNaIpA

0€:6

0L:6

0S:8

0€:8

TA:



npa-yen@®@uiuuadp
sesue)ly 40 AJISIaAIuN
uojBuluuad ||p1ieq

npa-xaen®auAed(
ain}nouby Jo UoISIN YN
auked uyor

80IAI8S 158104 SN
uos|o yer

Aobsbsn@usjjenw
Aaning |eoibojoas) SN
Jg|[en aaeq

610 ozypmg@®@uebiowu
10U3SIq J91eAN Joneag
uebiop gog

sesue)ly Jo Alisianiun
aloo|\ ejebuy

sn-Je‘aje}s bape@iaiw
Alenp |eluswuoliaug jo ydaq Hyv
19|\ 1oboy

AoBsesueyIe®) s|oeyoIW UsISLIN
UOISSIIWOYD S804N0SaY [einjeN YV
S|9BYDI|A UB)ISLIY

npa-yien@assewbo
ainynouby Jo uoIsIng VN
Aasse uljon

npa-yen@buibuols
ain}nouby Jo uoISIN YN
Buibuo noog

woo myieo®buo| ueyieuol
19)eN\ Sesueyly [enua)d
Buo ueyjeuor

npa-juowen@Ayoal|
O[|@2uoN VN
Ayoar leH

npa-yen®ys|w
aJnynouby Jo UoIsIAIg VN
ya Joosuel

Aobsesueyie@uewa|dwniy pieusaq
UOISSIWIWOYD S804N0SaY [einjeN YV
uews|dwniy| pJeussg

snJe‘aje}s bape®oy
Alenp |eluswuoliaug jo ydaq Hv
HOY UA[OAT

npa ylen@wiaiuxy
sesueyly Jo AjslaAlun
wiaiuy| auLisyiey

npa uingne®@ie|
Ajsianiun uingny
uley e

nob-sesueyie@uolsuyol-Ael
UOISSIWIWOY) S92IN0SaY [BINjEN HY
uojsuyor Aer

1o ozupma@sauluyinyq
10UISIq J8lep) Jeneaqg

SeuIYNH peig

npa-yen@sAeypd
Aaning |eo1b0j099 SN/VN
sAey |lud

woo'jlewb@uewipieyu
1jeuuIdul) Jo AjIsianiun
uewlip.leH 9|0oIN

npa-yen@piebbey
ain}nouby Jo UoISIN VYN
piebbeH ueug

Bio0'dmiui@xeeyelap
diysiauped paysiaiepn JaAry sioul||
JeeH elled

Aobsbsn@uaaibim
Aaning |eoibojoan) sN
usalI9) pasy

SLINVdIJOILAVd FONIHIANOD dIFUFLSIOTY-Fd

Aobsesuexie®@Aelb-a|siuuep
UOISSIWWOY S82IN0SaY [elnjeN Yy
Aelo) g|oluueqg

nob-sbsn@plemialy
Aaning |eoibojoan) sN
plemialq aneq

npaa)e}so®xoy) Aaieb
Ausianiun ajels ewoyepyO
Xx04 Aaieq)

Aob-epsn-ie@Asaqualioy enysol
10UISIQ UoiEeAIBSUOD AJUNOD uojuag
Auequalio4 ysor

610 ozypmq@ALiaquaioje
10U3SIq J91eNN Joneag
Aulaquaypio uely

npa-ajejse@sueyl
AjIsianlun 8)e1s sesueyly
slued Ausr

Aob sbsn@malelsal
Aaning |eaibojoas) SN
Mmajels3 [ayoey

sn"Je'sjejs bepe@umolp
Ajlenp [eyuswuoliaug jo 1deg yY
umol( 8n8)s

npa~jien@ayelpwq
ainynouby Jo uoIsIng VN
el alpog

npa-yen@pydiel
sesue)ly Jo Alisianiun
siAeq ydiey

npa-yien@jsiuep)
ainynouby Jo uoIsing VN
[glueq Awwo |

npa xaen@®@weybuiuunoy
ainynouby o uoisiAlg VN
weybuiuuny sjhy

sn'pay sj@dwniow

90IAISS 188404 YASN
dwnio [seyoIn

AobB sesuey e@).is|pueyo eipues
UllesH Jo Juswpedaq Yy
Js|puey) eipuesg

1oudqIs@epngs
‘wwo) uiseq JaAry euueysnbsng
epng uesng

Aob-epsn-sie@epng-Auoyjuy
sjnysu| As|leA ueeued SHY-vASN
epng Auoyiuy

Aobsesueyie@umolqe
UOISSIWWOY S82IN0SaY |elnjeN Yy
umolg uajy

nob sBsn@pJeAjogs
Aaning |eoibojoan) sN
pieAjog uesng

npa-yen®@osyeq|
ainynouby Jo uoIsIAg VN
yospeg ol|se7

npa-xeen®.ieq|
aJn}nouby Jo UoIsIAIQ VN
lieg 8107

npa~jJen®ajieqmq
ainynouby Jo uoIsing VN
Aojleg uelug

610 0zupmgq@Aianel
10M1S1q J8JeA) JoABag
Alany Aey

npa-y}Jen@pua|el
ainynouby Jo uoisinig VN
Ipuay |y eAemny

AoBsesueyie@uosiagie aiqqol
UOISSIWIWOY) 824N0SaY [einjeN YV
uosJaqy aiqqoy

SLINVdIJOILAVd FONIHIANOD AFUILSIOTY-Id



"90uaJaju0d a8y} Buunp ays-uo passlsibal syjuedioued gz JOAO ‘uonippe U]

npa yJen@ojsuimg
sesue)ly Jo Alisianiun
UOJSUIAN UOJAg

610 0zypmq@uos|ime
10U3SIq J91eAN Joneag
uos|ip) Awy

2InynouBY Jo UoISIAIQ VN
uosiep) ueg

610 uognpne®@Aauinw
sesueyly uognpny
Kauip sl18yoIN

npa“yen®@pue|e)o
21Ny noLBY Jo UOISIAIQ VN
puejo| uouuey)

W00 00SSE-URDIMY

"PI] ‘sejeIo0ssy N1
uojuloy jusdy

npa-xaen@®anbeayy
90IAI9G UOISUa)XT aAljeladoo) VN
anbea] aneyy

SLINVdIJOILAVd FONIHIANOD dIFUFLSIOTY-Fd

woo que®@anbea) ueas
neaing wJied sesueyly
anbea] ueng

B0 ozupma@siep
10M1S1q J8JeA) JaAeag
a)e] Aisny

npa‘juowen®addde)

O||92BUOIN YN
adde diyd

npa-juowen®Jabulynis
Of|@2uoN VN
Jabuliymis syo

sn'pay sjoiublesns
J9)ua) Alysalojoiby jeuoneN vYASN
brens pleyory

npa-yien@®a|os)sy
sesueyly Jo AjslaAiun
8[991g US|

AobB sesueyle@ype yjws’[siuep
yyeaH jo juswpedsq sesuexly
yiuws |glueqg

sn'ie-aje)s-bape@uols|buls
Ajlenp |eyuswuodiaug jo deg HY
uoje|buIS qog

npa-yien@ydays|s
sesuey)ly Jo Ajslaniun
piaydays siueydalg

npa-yen@®@As|dieys
ain}nouby Jo uoISIN YN
Ao|dieys malipuy

npa-1en®@+00sy
ainynoLby JO UoISIN VN
1ooS peyL

610 1seou-01s@bulyose
WwieaJ}s pue Jiy Joj [Iouno) |euoiieN
Buliyos oug

npa~en@iemselesp
2InynoLBY Jo UOISIAIQ VN
lemseleg elpusw.ieyq

wod Jojuow-1dlem@Apues
"0u| ‘suonnjos Buuojuol Jayepn
ulysny Apuey

npa-yen@siawoll
ainynouby Jo uoIsIAg VN
slowoy ysor

npa-yJen@siaboimo
ain}nouby Jo uoISIN YN
siaboy suyn

npa-yen®@bupoy
sesueyly Jo AjsIaniun
zonbupoy uewlas)

npa-xaen®Aa|u}
ainynouby Jo uoisiAg YN
Aoy wo

npa“y}Jen@ayous
sesueyly Jo Ajsianiun
Oy BA8lS

Aobsesueyse@olwes Auo}
UOISSIWWOY) S92IN0SaY [BINjEeN HY
yolwey Auo |

sal|iN Jorep) siaboy
BinId oujed

woo yoey@@Aooidp
|ejuswiuoIAUg YyoeH
¥Ao01d pineq

npa-yien@®oo|jods
sesuey)ly Jo Ajslaniun
390]|]0d 213

npa-xaen@uo}buiuuadyf
90IAI9G UOISUaXT aAljeladoo) VN
uojbuiuusd uyor

SLINVdIJOILAVd FONIHIANOD AFUILSIOTY-Id



sesueyly ‘||lomon

1HISIAI9IEM 19nEad sllej}yy 2ljqnd Jo Jojoalig
UOS|IA Ay
piom GuBueys e 10§ asuaias SesuByIy Y00y 9|l

: Jajua) aousI0g JaleN) sesueyd
s plemiai4 piAeq
sexa] ‘sbuudg unyding
V *ou| ‘suonn|os BulojUO|A Jo1eAA

suopnjos Bupojuop J33eAn uiysny Apuey

sexa] ‘unsny

o@ Jebeuejy jeuoiboy

YAo0ud aneq

2 YoM s aLuosAUT 81 T4BlY 98

jeluswuodinug

SVSNVIY VY 00y o
=<m¢=m Hw__m_owaw |ejuswuolIAUg
zﬂ—<& anbea] ueAa]
TANLTNDOROY 40 NOISIAIA HV ‘9llinenshed
SYSNY2RIY 40 ALISYFAINN Uoseasay -ainynolby Joj

JuspIsald 991\ 8]1eI00SSY
% uelIyo0d ey

SHOLIgIHXF ANV SHOSNOdS FONI™UFINOD



USGS Summer Intern Program

None.

USGS Summer Intern Program



Student Support
Category Section 104 Base | Section 104 NCGP N IWR-US.GS Supplemental Total
Grant Award Internship Awards
Undergraduate 3 0 0 4 7
Masters 2 0 0 6 8
Ph.D. 2 0 0 1 3
Post-Doc. 0 0 0 1 1
Total 7 0 0 12 19




Notable Awards and Achievements

Establishing Effective Partnerships

The Arkansas Water Resources Center (AWRC) has teamed with the lllinois River Watershed Partnership
(IRWP) to develop the Watershed Management Plan (WMP) for the Upper lllinois river Watershed in
northwest Arkansas. This WMP will outline strategies to improve water quality at the HUC 12 (or
subwatershed) level within the Upper lllinois River Watershed focused at reducing the concentrations of
nitrogen, phosphorus, sediments and bacteria in regional streams. This partnership and WMP are timely
efforts given that the lllinois River Watershed in Arkansas and Oklahoma is the focal point of an
environmental lawsuit targeting water quality issues and poultry production in this region. The funding
for the WMP development was provided by the Walton Family Foundation and the USEPA thro ugh the
Arkansas Natural Resources Commission.

The AWRC has also teamed up with the IRWP to conduct various water quality monitoring projects in
the Upper lllinois River Watershed, including the water quality monitoring and load estimation at the
Illinois River and Ballard creek near the Arkansas and Oklahoma border. The AWRC has been the primary
unit monitoring water quality and estimating constituent loads at these sites near the state borders, and
this shows that the data provided through the AWRC field service unit and its research teams are
considered to be sound,reliable, and unbiased sources of information. It is critical to maintain this level
of integrity, when we are dealing with water quality as the focus of legal battles.

The AWRC managed the Volunteer Monitoring Program for the IRWP over this past year, where 37 sites
within the Upper lllinois River Watershed was sampled seasonally by volunteers, including IRWP Board
Members and AWRC field and research associates. The volunteers were used to collect water samples
where various water quality parameters where measured, and these recent measures of water quality
will be compared to that measured more than 15 years ago at these same sites. The AWRC field services
unit and research associates trained 20 plus volunteers to collect water samples, fill out chain of custody
forms, and relinquish the samples to the AWRC certified water quality lab. The IRWP plans to adjust this
volunteer monitoring program to target specific subwatersheds within the Upper lllinois River
Watershed, developing

long-term databases on various water quality parameters such as nitrogen, phosphorus, and suspended
sediment concentrations.

The AWRC was funded by USEPA Region 6 and Headquarters to provide technical assistance to develop
nutrient criteria within the multi-jurisdictional Red River Basin through two phases: Phase | organized
the database compiling water quality data from the USGS, Arkansas Department of Environmental
Quality, Louisiana Department of Environmental Quality, Oklahoma Conservation Commission and
Oklahoma Water Resources Board, and the Texas Commission on Environmental Quality, and Phase Il
provided summaries of the statistical distribution of median nutrient concentrations across the Red
River separated into aggregate

watersheds and eco-regions, as well as statistical relations between nutrient concentrations and algal
biomass (i.e., chlorophyll a concentrations). These reports will be used in a weight-of-evidence approach
to assist the states with catchments draining into the Red River in the development of numerical
nutrient criteria.
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National Recognition

Dr. Andrew Sharpley, who has received USGS 104B to study fluvial processes that modify phosphorus
export from catchments, was recognized nationally for his scientific contributions while with the USDA
Agricultural Research Service (USDA—ARS). Dr. Sharpley was selected to be on the Scientific Advisory
Board for the Hypoxia in the Northern Gulf of Mexico: Scientific Assessment of Cause and Options for
Mitigation for the USEPA; this group of nationally renowned scientists evaluated the state-of-the-
science regarding the hypoxic Notable Awards and Achievements 1 zone. Dr. Sharpley was also recently
inducted into the USDA—-ARS Hall of Fame ‘for pioneering nutrient research leading tot eh development
of agricultural management practices and strategies that are used nationally and internationally to
protect water quality’. Dr. Sharpley received his USGS 104B funding to jump start his research program
that he has started here at the University of Arkansas — Division of Agriculture, that will focus on
nutrient (especially phosphorus) transport from the edge-of-fields through streams in critically
important regional watersheds. Following the change in directors at the Arkansas Water Resources
Center (AWRC), Dr. Sharpley was named to the Technical Advisory Committee for the AWRC.

Collaborative Multidisciplinary Research Education Programs

The Arkansas Water Resources Center (AWRC) along with other disciplines (including Animal Sciences,
Geosciences, Soils, Environmental Sciences, Ecological Engineering and Biology) have used the USGS
104B funding as a source to initiate research projects at the University of Arkansas Savoy Experimental
Watershed (SEW) and to stimulate the inflow of funding from other federal sources to further support
this research. The research projects at SEW have addressed a variety of important water issues, and
these project were broad across multiple disciplines. Examples of these projects include: 1)ldentification
of mechanisms (infiltration excess or saturation excess) that produce surface runoff from pasture hill
slopes (Ecological Engineering) 2)Water quality of springs and groundwater downslope from ponds
holding swine manure (Geosciences & Animal Sciences) 3)Nitrogen transport and utilization along a
shallow groundwater flow path (Biology & Geosciences) The focus of research at SEW often revolves
around understanding the transport and ate of nutrients in a strongly linked surface-subsurface karst
agricultural watershed, which is critical to developing best management practices that will improve
water quality and protect human health.

The AWRC has also teamed up with the University of Arkansas Crop, Soil and Environmental Sciences
Department and the Landscape Architecture Department to evaluate the quantity and quality of
stormwater produced by mock green roofs; the typical industry standard is to mix compost with the
growing media used on green roofs at 15% by volume to accelerate plant growth. This project will
provide critical information to understanding the water storage capacity of green roofs on a temporal
basis, the potential for nutrient and other constituent transport in stormwater, and what plants survive
the harsh environmental conditions in these ‘green’ systems. The AWRC worked closely with the UA
Cooperative Extension Service to develop fact sheets, entitled ‘Arkansas Watersheds’ and ‘What is
Water Quality’. The fact sheet ‘What is Water Quality’ provide a less technical resource to help educate
our general stakeholders on how water quality, e.g. nutrient concentrations, are influenced by land uses
changes, what are designated uses, where water quality standards can be found, and how are
impairments determined . The fact sheet ‘Arkansas Watersheds’ describes what is a watershed, how are
watershed indentified, and what is a hydrologic unit code. These fact sheets are unique educational
tools that increase the awareness of watershed and water quality within the state of Arkansas.
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Cutting Edge Research

The Arkansas Water Resources Center used USGS 104B Funds to initiate a project to determine if
different sources of phosphorus had different signatures of oxygen isotopes in dissolved phosphate
(PO4), and if so could these different isotopic signatures be used to distinguish between phosphorus
sources in regional streams. Recently developed isotopic methods enable determination of oxygen
isotope composition of soluble reactive phosphate (SRP), potentially allowing sources of phosphates in
aquatic systems to be identified. This project evaluated the oxygen isotope composition of various
potential sources of phosphate in aquatic Notable Awards and Achievements 2 systems, including
effluent from municipal wastewater treatment plants and water extractable phosphorus from poultry
litter and commercial fertilizers. This preliminary work clearly shows that the isotopic oxygen
composition in dissolved phosphate varies by source, which potentially enables the partitioning of
dissolved phosphorus between sources.
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Publications from Prior Years

1. 2006AR122B ("Sediment Characterization in Three Coves - Beaver Reservoir, Arkansas") -
Conference Proceedings - Patton, J. and S.K. Boss. 2008. Geochemical characterization of Beaver
Reservoir sediments containing drinking water treatment residuals at the 2008 Joint meeting of
the Geological Society of America, Soil Science Society of America, American Society of
Agronomy, Crop Science Society of America, Gulf Coast Associate of Geological Societies with
the Gulf Coast Section of SEPM, Houston, Texas.

2. 2007AR171B ("Continuous Water-Quality Monitoring and Potential Phosphorus Source
Identification with Oxygen Isotopes") - Conference Proceedings - Breaker, B., E. Pollock, P. Hays,
and B. Haggard. 2008. Use of phosphate-oxygen isotope ratios as a tracer for sources and cycling
of phosphorus in the lllinois River in AR and OK at American Geophysical Union, San Francisco,
California.

3. 2007AR162B ("Long-term runoff water quality in response to natural rainfall as affected by
poultry litter application rate") - Articles in Refereed Scientific Journals - Brie, M., Brye, K.R.,
Pirani, A.L., Haggard, B.E., and Gbur, E.E. 2009. Runoff water quality from broiler-litter-amended
tall fescue in response to natural precipitation in the Ozarks Highlands. Journal of Environmental
Quality 38: 343-352.

4. 2007AR164B ("Source of Geosmin and MIB in drinking water: ldentifying the source and
mechanisms of taste and odor compounds at Beaver Reservoir, northwest Arkansas") —
Conference Proceedings - Winston, B., and S Hausman, 2008, Understanding Reservoir Aging
through Paleolimnological and Modern Techniques at National Association of Black Geologist
and Geophysicist Annual Conference, Atlanta, Georgia.

5. 2007AR171B ("Continuous Water-Quality Monitoring and Potential Phosphorus Source
Identification with Oxygen Isotopes") - Articles in Refereed Scientific Journals - Toor, G.S., R.D.
Harmel, B.E. Haggard, and G. Schmidt. 2008. Regression methodology with low-frequency water
quality sampling to estimate constituent loads for ephemeral watersheds. Journal of
Environmental Quality 37:1847-1854.

6. 2007AR173B ("Metal Mobilization, Especially Arsenic, in the Alluvial Aquifer in Response to
Water Level Fluctuations Measured by Field and Laboratory Column Data ") - Articles in
Refereed Scientific Journals - Sharif, M.U., R. K. Davis, K. F. Steele, B. Kim, T. M. Kresse, P.D. Hays
and J.A. Fazio, 2008, Distribution and Variability of Redox Zones as Control of Spatial Variability
of Arsenic in the Mississippi River Valley Alluvial Aquifer, Southeastern Arkansas, USA. Journal of
Contaminant Hydrology, 99:49-67.

7. 2007AR173B ("Metal Mobilization, Especially Arsenic, in the Alluvial Aquifer in Response to
Water Level Fluctuations Measured by Field and Laboratory Column Data ") - Articles in
Refereed Scientific Journals - Sharif, M.U., R. K. Davis, K. F. Steele, B. Kim, P. Hays, T. M. Kresse,
and J.A. Fazio, 2008, Inverse geochemical modeling of groundwater evolution with emphasis on
arsenic in the Mississippi River Valley alluvial aquifer, Arkansas (USA). Journal of Hydrology,
350:41-55.
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8. 2007AR173B ("Metal Mobilization, Especially Arsenic, in the Alluvial Aquifer in Response to
Water Level Fluctuations Measured by Field and Laboratory Column Data ") - Articles in
Refereed Scientific Journals - Sharif, M.U., R. K. Davis, K. F. Steele, B. Kim, T. M. Kresse, P.D. Hays
and J.A. Fazio, 2009, Surface Complexation Modeling Using PHREEQC for Predicting Solid-Phase
Arsenic Concentrations in the Sediments of the Mississippi River Valley Alluvial Aquifer,
Arkansas, USA. Journal of Environmental Science and Health. In Press.

9. Publications from Prior Years 1 2006AR131B ("Occurrence and antibiotic resistance in fecal
indicator bacteria upstream and downstream of wastewater treatment plants in northwest
Arkansas") - Conference Proceedings - Akiyama, T., and M. C. Savin. 2008. Patterns of multi-drug
resistance in Escherichia coli isolated from a stream receiving treated wastewater at Arkansas
Water Resources Conference, Fayetteville, Arkansas.

10. 2006AR131B ("Occurrence and antibiotic resistance in fecal indicator bacteria upstream and
downstream of wastewater treatment plants in northwest Arkansas") - Conference Proceedings
-Akiyama, T., and M. C. Savin. 2008. Antibiotic-resistant Escherichia coli in a Northwest Arkansas
stream receiving wastewater treatment plant effluent at American Society for Microbiology
Annual Meeting, Boston, Massachusetts.
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