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PREFACE

In order to understand, protect, and manage our water resources effectively
knowledge is required from many diverse areas of science, engineering, eco
nomics, and sociology. These proceedings of the conference on the Diversity of
Arkansas Water Resources Research reflect this need and demonstrate how
researchers in the state are responding to water issues and problems in Arkansas.
The papers in these proceedings are representative of the research in Arkansas,
but are only a sample of the work being conducted by universities and govern
ment agencies in Arkansas. We are grateful that Arkansas has the expertise avail
able to provide the information necessary to maintain our water resources.
The Arkansas Water Resources Center is indebted to the speakers who made the
conference a success. A copy of the program is printed on the following page.
The Center appreciates the submission of manuscripts by the many speakers that
makes these proceedings possible. The assistance of the following persons who
reviewed manuscripts is gratefully acknowledged.

Tom Costello
Tom Foti
James Peterson
John Rickett

Kenneth F. Steele, Director
Arkansas Water Resources Center
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VISUALIZING THE EXTENT OF SALTWATER
INTRUSION INTO GROUND WATER USED FOR
IRRIGATING RICE AND SOYBEANS
IN THE ARKANSAS DELTA
W.H. Baker, S.D. Carroll and J.S. Yadon
Soil Testing and Research Laboratory
Marianna, Arkansas
and
C.E. Wilson
Southeast Research and Extension Center
Monticello, Arkansas
and
S.L. Chapman, P. Tacker and B. Teague
Cooperative Extension Service
Little Rock, Arkansas

INTRODUCTION

Rice and soybeans are heavily dependent on irrigation for maximum pro
duction output in Arkansas. However, in certain locales, ground irrigation water
has been found to cause a detrimental saline soil condition. In recent years, areas
in Cross, White, Monroe, Poinsett and Chicot counties have been recognized as
having irrigation wells that may be producing salt water with particularly high
chloride levels (Snyder et al., 1994).
The major geologic unit representing sediments in the Delta starts at the sur
face as Quaternary alluvium deposits. These deposits, known as the alluvium
aquifer, are of primary importance over a large part of the delta region.
Occurrence of saltwater in the alluvial aquifer has been an increasing concern.
Earlier work reports the cause of saltwater intrusion to be from upward move
ment of saltwater from the deeper Sparta aquifer, which in turn is contaminated
by saltwater from leakage by the Nacatoch aquifer (Morris and Bush, 1984;
Fitzpatrick, 1985). As demand for ground water increases, so does the opportu
nity for upward intrusion of saltwater from underlying sources. Hanson and
Fugitt (1995) determined that ground water levels in south Arkansas are declin
ing at a rate of over one foot per year for a large part of the area they studied.
The objective of this study is to identify areas in the Arkansas Delta that may
contain ground irrigation water that, through continued use, would be expected
to experience damage from salinity buildup. The focus of this work was to pro
vide an assessment by assembling data from existing databases containing
ground water quality information.
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METHODS AND MATERIALS

Ground water well locations and analyses for the Eastern Arkansas Delta
were obtained from the United States Geological Survey (USGS) National Water
Data Exchange. This data was accessed through the National Water Data and
Storage and Retrieval System (WATSTORE). The data set presented in this
paper represents 923 well locations with varying numbers of analyses for each
location for the years of 1972 through 1993. Information used for the assessment
in this study were: chloride (ppm), electrical conductivity (pmhos/cm), pH. lati
tude, longitude, and geologic unit.
These data were placed into a geographic information system (GIS) called
Map-X developed by Delta Data Systems of Picayune. MS. A continuous sur
face moving average model was used to provide output very similar to contour
intervals (Ripley, 1983). These surfaces were generated using a model with a
radius of influence of 10,000 meters, a second order exponent for the distance
parameter, and a final pixel size of 1000 meters. Only the most recent analyses
were used in the cases where multiple samples were obtained for a ground water
well.
RESULTS AND DISCUSSION

Locations of the wells are presented in Figure 1. These locations range from
the southern Delta to the northern Delta. Note, some of the locations are clus
tered in areas along the southern and central Delta. Several counties are poorly
represented with too few locations to provide enough analyses for producing rea
sonable conclusions. Presently, work in this study is being directed at obtaining
more data for these under represented areas.
A surface model representing chloride levels below and above the critical
threshold of 70 ppm (S. L. Chapman, 1995) is presented in Figure 2. These data
indicate a band of high chloride concentrations extending from Chicot county up
through the southeastern end of Jefferson county. Other isolated pockets of high
chloride concentrations were also located in northern Monore, central Prairie,
western White, and northeastern Independence counties. These high chloride
areas tend to correspond with the instances of salt buildup reported in production
fields (Snyder et. al, 1994).
Another method for determining the suitability of ground water for irriga
tion is to measure dissolved salts, or electrical conductivity (EC). Figure 3 rep
resents EC analyses grouped by hazard levels (Chapman, 1995). Both Chicot and
White countries contained occurrences of very high salts based on EC levels
exceeding 2250 pmhos/cm. Areas of high salts (EC between 1250 and 2250
μmhos/cm) were related to the very high salt areas in Chicot and White coun
tries. Additional high salt occurrences were also found for southern and eastern
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Desha, northern Monore and central Prairie countries.
Future work will be directed at obtaining additional ground water analysis
data. New analyses have been added into WATSTORE by the USGS for the
years from 1993 to 1995. In addition, other ground water quality data from the
Arkansas Cooperative Extension Service and the Arkansas Pollution and Control
are also being reviewed to supplement areas not covered by the USGS analyses.

REFERENCES
Chapman, S. L. 1995. Irrigation water quality recommendations for rice on
silt loam soils. Ark. Coop. Extension Service, Little Rock, AR.

Fitzpatrick, D. J. 1985. Occurrence of saltwater in the alluvial aquifer in the
Beouf-Tensas basin, Arkansas. U. S. Geological survey, Water-Resources
Investigations Rep. 85- 4029.

Hanson, L. A., and D. T. Fugitt. 1995. Analysis of ground water conditions in
the Sparta and South Arkansas hydrogeologic basin 6th Biennial State
Water Conf, and 8th Annual AWRA-AR and AGWA Joint Symposium.
C.A. Vines Arkansas 4-H Center. Dec. 7.
Morris, E. E., and W. V. Bush. 1986. Extent and Source of saltwater intrusion
into the alluvial aquifer near Brinkley, Arkansas, 1984. U. S. Geological
Survey, Water-Resources Investigations Rep. 85-4322.
Ripley, B. D. 1983.

Spatial Statistics.

Wiley Publ., New York. NY.

Snyder, C. S., S. L. Chapman, and J.T. Gilmour. 1994. Management of soil with
high soluble salts. Soil Test Note No. ST003. Univ. Ark. Coop. Extension
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Figure 1. Locations in Arkansas of the ground water wells analyzed by the USGS.

Figure 2. Surface model of the ground water chloride levels.
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Figure 3. Surface model of the ground water electrical conductivity levels.
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MEASUREMENT OF THE OPPORTUNITY COSTS
OF ALTERNATIVE PRACTICES TO MANAGE NITRATE
AND PHOSPHORUS LOADINGS INTO THE
GROUND AND SURFACE WATER FROM LAND
APPLICATIONS OF POULTRY LITTER
Mark J. Cochran. H. Don Scott and Ramu Govindasamy
Department of Agronomy
University of Arkansas
Fayetteville, Arkansas

ABSTRACT

Concerns are often expressed that the concentrated growth of the poultry
industry may result in excessive environmental loadings of nutrients from land
applications of poultry litter. This study examines the opportunity cost in terms
of reduced foreage income from a variety of possible environmental policies.
Prohibition of litter applications on soils that exceed 300 lbs/A of soil test phos
phorus, restrictions on the rate and time of litter applications, and per ton or per
acre taxes were all examined. The analysis shows that prohibition of litter appli
cations on soils with elevated phosphorus levels will significantly reduce the
income from forage production, resulting in an environmental policy with a high
opportunity cost for poultry producers. Restrictions on rates of application that
match plant uptake of phosphorus and nitrogen have the lowest opportunity
costs. For example, forage income dropped by 16% with a prohibition of appli
cations to plant uptake of P resulted in only a 6% decline in forage income.
However, a combination of a prohibition policy and a restriction on applications
of no more than 100 lbs/A of N could lead to decreases in forage income of up
to 66%. The analysis of alternative tax policies suggests that a smaller tax per
ton of litter applied can achieve the same litter control as that of a larger tax on
each acre to which litter could be applied. The price of litter in local markets can
greatly influence the result as it reflects the economic threshold that determines
whether or not the litter will be applied on the farm where it was produced ver
sus being exported to another location. Higher litter prices encourage more
export and reduce the opportunity costs of restrictive environmental policies.
Higher forage prices increase disproportionately the opportunity cost of the most
restrictive policies. Work will continue on the models that simulate the relation
ship between time and rate of land applications and the actual loading into
ground and surface water.
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IMPACTS TO GROUND-WATER QUALITY OF
SELECTED SPRINGS IN NORTHWEST ARKANSAS
Ralph K. Davis, Naomi J. Sinor and Richard G. Monk
Department of Geology
University of Arkansas
Fayetteville, Arkansas

INTRODUCTION
The data presented in this paper are part of an ongoing ground-water quali
ty assessment and monitoring effort in Northwest Arkansas. The main thrusts are
to prevent further contamination of this vulnerable, excellent-quality ground
water in Northwest Arkansas, and demonstration of ground-water protection
through identification of areas of intense karstification and/or fracturing by
implementation of Best Management Practices (BMPs). Data represent base
ground-water quality in shallow unconfined aquifers. The next phase of the pro
ject will identify and implement BMPs related to application of animal waste to
pasture land as fertilizer. Additional spring monitoring to assess changes in
ground-water quality will examine benefits derived from the BMPs. The project
is a joint effort between the University of Arkansas Department of Geology and
Arkansas Water Resources Center (AWRC), U.S. Geological Survey (USGS)
and the Arkansas Soil and Water Conservation Commission (ASWCC).

OBJECTIVE
Selection of five spring sites in Northwest Arkansas for monitoring and of
ground-water quality in shallow karst aquifers and assessment of benefits from
application of BMPs in the recharge area of each spring.

BACKGROUND

Arkansas is ranked #1 in broiler production, estimated at 1.08 billion per
year and #8 in laying hens, estimated at 15.8 million (Cooperative Extension
Service, 1994; Arkansas Agricultural Statistics, 1994). Northwest Arkansas
accounts for 32% of the broilers and 65% of laying hens in the state. Arkansas
is ranked #3 in turkey production, #15 in swine production and #18 in beef cat
tle production (Arkansas Agricultural Statistics, 1994). The karst terrain in
Northwest Arkansas is vulnerable to anthropogenic activities, enabling wastes
produced by these animals to be a genuine threat to ground-water quality
(Adamski, 1987; Gilmour et al., 1987; Steele and Adamski, 1987; Wolf et al..
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1988). The greatest concerns are associated with bacteriological and nutrient
loading to surface water and ground water.

LOCATION OF SPRING MONTORING SITES

Five spring monitoring sites were selected in Northwest Arkansas for
ground-water quality monitoring. This includes one spring site in Benton
County, two spring sites in Carrol County and two spring sites in Washington
County. This report will consider data from the three sites in Benton and
Washington counties (Figure 1).

Benton
County

Spring Monitoring Sites
in Northwest Arkansas

Washington
County

Figure 1
Site 1 - Decatur Spring
Site 2 - Braly Spring
Site 3 - Little Wildcat Spring

GEOLOGY OF BENTON AND WASHINGTON
COUNTY SPRING SITES
Site 1 is Decatur Spring, which serves as the municipal water supply for
Decatur, Arkansas. The spring flows from the base of a large cherty limestone
bluff characteristic of the upper Boone Formation. The spring is located on the
downthrown side of the Decatur Fault, which is one of several mapped northeast
trending normal faults in Northwest Arkansas. The fault scarp is exposed as a
waterfall below Crystal Lake, about 1 mile southeast of the spring on the
upthrown side of the fault. The geology at this location consists of a thin veneer
of cherty regolith overlying relatively pure limestone of the St. Joe Formation.
This formation is highly fractured and has many dissolution features at this site.
Several sinkholes have been identified near the fault trace and Decatur Spring.
Site 2, Braly Spring, is located near Lincoln, Arkansas, and discharges from
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the base of a bluff. Karstification, including the development of sinkholes,
occurs in the recharge area. The spring flows from the Pitkin Formation, a fos
siliferous, oolitic limestone in the area. This spring served as the water supply
for the City of Lincoln prior to the construction of Lincoln Lake.
Site 3, Little Wildcat Spring, discharges to a tributary of Clear Creek, and is
located just west of Springdale, Arkansas. The spring flows from cherty regolith
overlying the Boone Formation. Ground water from Little Wildcat Spring is cur
rently being treated and bottled for commercial distribution.
All sites have animal waste applied to pasture land as fertilizer in their
recharge area. Other potential sources of ground-water contamination exist in
each drainage basin. Site 3 is on the edge of urban sprawl for Springdale,
Arkansas. Most of the homes are serviced by septic systems. Site 1 has a high
density of poultry houses on the upthrown side of the Decatur Fault adjacent to
Crystal Lake. Site 2 has the potential to be impacted by septic systems in the
recharge area immediately above the spring orifice and by a hen operation dis
posing of liquid waste in a lagoon system near the eastern boundary of the
recharge area.

WATER QUALITY SAMPLING

Water samples have been collected and analyzed for two separate periods for
this project. The first set was a series of grab samples collected from five loca
tions in the general vicinity of each of the sites in the summer of 1995. These
samples were collected to assess background ground-water quality and to aid in
spring selection. Field water-quality parameters including pH, specific conduc
tance and temperature were determined at the time of sample collection. The
samples were delivered to the AWRC, Water Quality Laboratory and tested for
the following:
Nitrate-N
Sodium
Copper
Alkalinity

Ammonia
E. Coli
Sulfate
Selenium

Fecal Coliform
Chloride
Arsenic
Potassium

Ortho-Phosphate
Magnesium
Calcium
Total Organic Carbon

This report will only discuss nitrate-N (NO3-N) and fecal coliform bacteria
(FC) for each of the springs. All springs sampled in the summer of 1995, except
one north of Lincoln. Arkansas, had elevated levels of NO3-N and FC. This
spring is a seep flowing from a sandstone unit. The FC and the elevated NO3-N
concentrations are indicators that ground water is impacted by animal waste.
Storm event samples were collected at the spring sites in mid-December
1995. The samples were collected and data were recorded by automated equip
ment, including a pressure transducer, rain gage and a temperature probe.
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From each site, eight samples over the storm hydrograph were selected for
analysis. Figure 2 shows rapid response of spring stage versus precipitation for
the storm event at Site 1. Total precipitation from the storm event varied from
2.5 to 3 inches for each of the sites. Stage response to the storm event was sim
ilar for the two Washington County spring sites, although lag times between the
precipitation event and spring-stage-increase vary from site to site.

Precipitation (inches)

Level (inches)

Figure 2 - Decature Spring - Level vs. Precipitation
Fall 1995 Storm Event

Figures 3 and 4 show the concentrations of NO3-N and FC versus spring
stage. Both NO3-N and FC closely follow spring stage. The concentration of
NO3-N for this site ranges from 2.4 mg/L to 3.7 mg/L. These conditions are
below the Environmental Protection Agency maximum contaminant level
(MCL) of 10 mg/L NO3-N, but considered elevated for this region. Background
NO3-N concentrations are considered to be 0.4 mg/L or less (Personal
Communication, Kenneth F. Steele, 1995). The elevated NO3-N and FC con
centrations indicate that the spring is impacted by anthropogenic contamination.
The close correlation between spring stage and concentrations of these two con
taminants suggests rapid flushing through the vadose zone with little attenuation.
It is believed that application of animal waste to pasture land is the primary
source of contamination because of the high density of poultry houses and the
total acreage of pasture land available for the application of animal waste in the
recharge area.
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Level (inches)

NO3-N (mg/L)

Figure 3 - Decatur Spring - Level vs. Nitrate-Nitrogen
Fall 1995 Storm Event
Level

FC

(inches)

(cfu/100mL)

Figure 4 - Decatur Spring - Level vs. Fecal Colform
Fall 1995 Storm Event

Figure 5 shows a similar pattern for the concentration of NO3-N at site 3.
Sites 1 and 3 show a lag time between the peaks of stage and NO3-N. The lag
time for site 1 is 4 to 6 hours and is 6 to 12 hours at site 3. The peak for FC at
site 3 is shifted by 6 to 12 hours (Figure 6) while site 1 does not appear to have
a lag between peaks in spring stage and FC. The shorter lag time for site 1 and
the lack of lag time at this site for FC is likely a function of the geology and/or
the source of the contaminants. Site 3 is in an area of regolith over fractured
limestone and site 1 is in an area with only a thin veneer of regolith over highly
fractured, solutioned limestone.
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NO3-N (mg/L)

Level (inches)

Figure 5 - Little Wildcat Spring - Level vs. Nitrate-Nitrogen
Fall 1995 Storm Event

Level (inches)

FC (cfu/100mL)

Figure 6 - Little Wildcat Spring - Level vs. Fecal Coliform
Fall 1995 Storm Event

Figures 7 and 8 show a different situation at site 2. The concentration of NO3N is just over the MCL. The peak concentration of NO3-N occurs prior to the
storm event. There is an inverse relationship between NO3-N and spring stage.
The FC peaks with the first minor rise in spring stage, eighteen hours before the
major stage increase. This suggests that the source of the contamination may be
different at this site. One possibility is a septic system located on top of the bluff
above the spring; another is the lagoon for the egg laying operation.
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Continued water-quality monitoring at these sites plus a detailed assessment
of the hydrogeology may resolve some unanswered questions concerning
sources of contamination. Dye tracing to help delineate the recharge area is
ongoing. Implementation of BMPs will occur in late-summer and fall of 1996
followed by storm event and grab sampling in late-fall 1996 and spring 1997.

NO3-N (mg/L)

Level (inches)

Figure 7 - Braly Spring - Level vs.. Nitrate-Nitrogen
Fall 1995 Storm Event

FC (cfu/100mL)

Level (inches)

Figure 8 - Braly Spring - Level vs. Fecal Coliform
Fall 1995 Storm Event
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CONCLUSIONS

Ground-water quality in the shallow karst aquifers of Northwest Arkansas
has been impacted by human activities. Ground-water quality degradation of
these karst aquifers may result from multiple sources including application of
animal waste to pasture land as fertilizer, septic system effluent, and disposal of
animal waste in lagoon systems. Many people are consuming untreated ground
water from springs in Northwest Arkansas. More rigorous efforts need to be con
sidered to educate people concerning health consequences associated with con
sumption of contaminated water. This educational effort should include sugges
tions for alternate sources of water and/or methods of point-of-use treatment.
REFERENCES
Adamski, J.C., 1987, The effect of agriculture on the quality of ground water in
a karstified carbonate terrain. Northwest Arkansas. M.S. Thesis, University
of Arkansas, Fayetteville. AR. 124p.
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Cooperative Extension Service, 1994, Arkansas poultry production report for
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surface water pollution from land application of poultry litter. AWRC
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Steele, K.F. and J.C. Adamski, 1987, Land use effects on ground water quality in
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POTENTIAL EFFECTS OF ZEBRA MUSSEL,
DREISSENA POLYMORPHA, INFESTATION ON WATER
QUALITY IN LAKE DARDANELLE, ARKANSAS
Charles J. Gagen and Joseph N. Stoeckel
Department of Biological Sciences
Arkansas Tech University
Russellville, Arkansas

INTRODUCTION
The exotic, European, zebra mussel, Dreissena polymorpha, was introduced
into the Great Lakes during the 1980s and their proliferation has been well doc
umented. In western Lake Erie, adult zebra mussels increased 325% between
1988 and 1990, and the population of juvenile mussels increased greater than
900% (Leach, 1993).
Densities of adult zebra mussels often exceeded
20.000/m2 and individuals filtered around 100 mL/h (Kryger and Riisgard,
1988). Clearly, high densities of zebra mussels potentially alter water quality,
and consequently, the ecology of infested waters. Furthermore, their growth
habit of attachment to hard surfaces has resulted in an infamous reputation as a
biofouler.
Zebra mussels were discovered in September 1992 in Lake Dardanelle, a
13,800 hectare impoundment on the Arkansas River. The zebra mussel popula
tion has been increasing dramatically since that time. High zebra mussel densi
ties could create biofouling problems, and have a marked impact on the water
quality and ecology of this reservoir and similar southern reservoirs. Densities
of zebra mussel larvae (veligers) increased one-hundred-fold from 1993 to 1994
(Figure 1). Peak density in 1995 exceeded 150 veligers/L at the Piney Bay site
on Lake Dardanelle (Stoeckel and Gagen, 1995). We have also documented an
increase in the density of settling juveniles (from a maximum of 0/m2 in 1993 to
over 10,000/m2 in 1995). We recorded up to 45 adult zebra mussels per hour of
effort in 1993, 58 in 1994, and 140 in 1995. The summer survey for 1996 is not
yet underway; however, in April, we observed thousands of adult zebra mus
sels/m2 on spillway gates at the Dardanelle lock and dam, and boat owners have
started to report zebra mussel biofouling at local marinas. Thus, it appears that
in 1996, there will be a dramatic increase in the adult population.
Effects of zebra mussels on water quality and ecology of Lake
Dardanelle are difficult to predict, because it is a different system (i.e., has
different water chemistry, thermal regimes, aquatic community structure, etc.)
from waters that have been previously studied. This study is focused on spatial
and temporal variability in water quality, zooplankton, phytoplankton
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Date
Figure 1. Mean density of larval zebra mussels and water temperature at four sites in
Lake Dardanelle (Stoeckel and Gagen, 1995).

(as a function of chlorophyll), and macrophytes. We have been sampling these
key variables at three, fixed-sites since 1994 to establish baseline data prior to the
establishment of a dense population of adult zebra mussels. As zebra mussel
populations increase over the next few years, we hypothesize that filtration by
feeding zebra mussels will lead to: 1) decreased phytoplankton and zooplankton
densities (and changes in species composition toward larger forms); 2) decreased
suspended solids and turbidity, and consequently, increased water clarity; 3)
increased phosphate and other inorganic nutrients during the exponential growth
phase of the zebra mussel population, because uptake by phytoplankton will
decrease; and 4) increased water clarity and availability of inorganic nutrients is
expected to lead to proliferation of rooted macrophytes.
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MATERIALS AND METHODS
We collected water biweekly from September 1994 through June 1996 at a
depth of 1 m in a polycarbonate sampler to analyze water chemistry and chloro
phyll levels at three sites in Lake Dardanelle (Figure 2). Secchi disk depth and
dissolved oxygen and temperature profiles were recorded concurrent with water
samples. Water samples were transported to the Arkansas Water Resources
Center Water Quality Laboratory for analysis by EPA accepted methods.
Analyses included: total phosphorus, chlorophylls a, b, c, ammonia, nitrate, chlo
ride, calcium, magnesium, phosphate, pH, nitrite, sulfate, turbidity, conductivity,
and suspended solids. All 16 parameters were measured for every other sample
date; whereas, only the first six were measured for every sample date.
The percentage of bottom area covered by submerged and emergent
macrophytes in a 100 m by 25 m area at three sample sites (all but the Main

Figure 2. Distribution of sample sites in Lake Dardanelle on the Arkansas River. Larval
and juvenile zebra mussels and zooplankton were sampled at all four sites;
whereas, other chemical variables were sampled at all sites except the outlet area.

Lake Area) was estimated visually with the aid of a rake and SCUBA. These
samples were collected seasonally in water < 2 m deep along the shore.
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Zooplankton and larval zebra mussels were collected biweekly at four sites
(Figure 2) by pulling a 64 mm mesh Nitex net vertically from a depth of 3 m to
the surface or by pumping water from a depth of 3 m through the net (Marsden,
1992). The samples were preserved in Lugol’s solution, and analyzed following
the methodology of Wetzel and Likens (1991). For each zooplankton sample, the
density of individuals in each major group, Copepoda, Cladocera, Ostracoda,
nauplii, Rotifera, and other, was determined.
RESULTS

Turbidity in Lake Dardanelle was high during this study, averaging 19.4
NTU and Secchi disk depths were usually < 0.8 m. The Main Lake Area had the
highest average turbidity and the Illinois Bayou Area had the lowest (25.7 and
14.4 NTU respectively; Table 1). Total suspended solids were also high with an
overall mean of 15.9 mg/L and followed the same pattern as turbidity (Figure 3).
Most chlorophyll was chlorophyll a (mean of 16.7 mg/L) which was lowest in
winter when water temperatures and solar infiltration were the lowest (Figure 4).
This was more noticeable in the winter of 1994-1995 than the following winter
due to above average flows and higher concentrations of sediments. High river
discharge and associated suspended solids were also associated with reduced
chlorophyll a in late spring 1995. Mean soluble reactive phosphorus concentra
tion was higher in the Main Lake Area than in the large bay areas (0.078 versus
0.052 mg P/L). Reservoir pH was highest in fall and lowest in winter, ranging
from over 8.5 to near 6.5, and it was most stable in the Main Lake Area. The sta
bility in the Main Lake Area can be attributed to the higher buffering capacity as
reflected in higher calcium concentration relative to the other sites (32.5 versus
26.3 mg/L, respectively). Concentrations of most major ions in the bay areas
were diluted by tributary flow compared to those in the main lake as reflected in
specific conductance (means of 423 versus 508 mS/cm, respectively).
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Table 1
Lake Dardanelle Water Quality (mean + S.E.) from
September 1994 through June 1996.
Variable

N

Piney Bay

Main Lake

Illinois Bayou

Ca, mg/L
Cl, mg/L
Mg. mg/L
NH4-N. mg/L
NO3-N, mg/L
NO2-N, mg/L
pH
PO4-P, mg/L
Total P. mg/L
SO4, mg/L
Suspended Solids, mg/L
Turbidity. NTU
Conductivity, mS/cm
Chlorophyll a. mg/L
Chlorophyll b, mg/L
Chlorophyll c, mg/L

38
39
19
39
39
20
19
20
38
20
20
20
20
39
39
39

25.4 ± 2.2
60.1 ± 6.6
6.5 ±0.8
0.039 ± 0.004
0.23 ± 0.03
0.007 ±0.001
7.85 ±0.13
0.041 ±0.007
0.082 ± 0.007
32.7 ± 3.9
15.7 ± 3.5
18.2 ± 3.6
414 ±48
15.9 ± 1.9
0.6 ±0.1
1.9 ±0.3

32.5 ± 1.4
74.2 ± 5.7
8.3 ±0.5
0.038 ± 0.003
0.28 ± 0.03
0.006 ± 0.001
8.02 ± 0.08
0.078 ±0.015
0.097 ± 0.007
36.3 ± 3.1
22.1 ± 4.6
25.7 ± 4.7
508 ± 37
15.9 ± 1.7
0.5 ±0.1
2.0 ± 0.3

27.2 ± 2.1
70.2 ± 6.1
6.7 ± 0.9
0.039 ± 0.004
0.25 ± 0.04
0.007 ± 0.001
8.01 ±0.11
0.063 ± 0.026
0.099 ±0.021
36.4 ± 3.6
9.8 ± 1.0
14.4 ± 2.0
433 ± 47
18.3 ± 1.9
0.6 ±0.1
2.1 ±0.3

Date
Figure 3. Total suspended solids concentration at three sites in Lake Dardanelle from
1994 to 1996.
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The zooplankton community in Lake Dardanelle was numerically dominat
ed by rotifers (Figure 5). Their density was similar among sites and often
exceeded 40/L. Zooplankton density was lower in winter as expected. Larval
zebra mussels constituted a substantial proportion of the zooplankton communi
ty during peak abundance.
We found only 2.5 to 37.5 % coverage of emergent vegetation in sample
areas and no submergent vegetation. Average coverage was lowest in the

Date
Figure 4. Chlorophyll a concentration at three sites in Lake Dardanelle from 1994 to
1996.

Date
Figure 5. Mean zooplankton composition for four sites in Lake Dardanelle from 1994 to
1996.
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winter and highest in spring for Piney Area and for Illinois Bayou Area. The
Main Lake Area has had lower vegetative cover each season. Higher than nor
mal discharge and suspended solids in the main lake may have contributed to this
trend. Virtually all of the aquatic vegetation in sample areas was water willow,
Dianthera (Justicia) americana.

DISCUSSION
Lake Dardanelle is highly influenced by the Arkansas River which flows
through it. The reservoir is very shallow (mean depth @ 4.3 m), yet the littoral
zone is narrow due to high concentrations of suspended solids during most of the
year. The concentration of total suspended solids was positively correlated with
turbidity suggesting that suspended solids currently have the greatest overall
influence on turbidity in Lake Dardanelle. It is conceivable that the high con
centrations of suspended solids may slow proliferation of zebra mussels in the
reservoir by reducing feeding efficiency and perhaps covering these sessile filter
feeders with sediment in some areas. The observation that the main lake had
higher turbidity and suspended solids is consistent with our hypothesis that large
bays are more vulnerable to high filtration rates of dense mussel communities.
In 1991, Strayer hypothesized that Arkansas was near the southern limit for
zebra mussel colonization based on the range of temperatures tolerated in
Europe. However, we see now that the zebra mussel population in Lake
Dardanelle is proliferating rapidly. Our preliminary observations indicate that in
1996, adult zebra mussels will be very abundant and concentrated in areas dom
inated by hard substrate (rather than the more common silt and sand substrate).
Because the population of adult zebra mussels has remained low until now, we
consider the data in this report to constitute a baseline for comparison of changes
as the population increases.
Should water clarity increase as a result of zebra mussel filtration, we expect
zooplankton communities to avoid sight-feeding predators by moving deeper
into the water column during daylight hours. If zebra mussels establish a sub
stantial population and selectively remove larger zooplankton, then copepods
and cladocerans would comprise even smaller proportions of future samples.
Furthermore, it is possible that larval fish productivity could decline due to com
petition for the larger zooplankton.
High nutrient availability and suitable substrate in Lake Dardanelle could
support dense stands of aquatic macrophytes; however, light penetration is lim
iting as is typical of other reservoirs on the Arkansas River. Increased light pen
etration could result in establishment of dense beds of emergent and submergent
vegetation, which could drastically influence fish population dynamics and neg
atively impact boating. We have made substantial progress toward characteriz
ing key water quality and biotic parameters of Lake Dardanelle, and upon com-
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pletion of this study we should be able to test critical hypotheses relative to zebra
mussel invasion of shallow southern reservoirs.
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OVERVIEW OF THE ARKANSAS
ON-SITE DOMESTIC WASTEWATER RENOVATION
RESEARCH PROJECT
M.A. Gross, D.C. Wolf and E.M. Rutledge
Department of Agronomy
University of Arkansas
Fayetteville, Arkansas

INTRODUCTION
Approximately 38% of the single-family dwellings in Arkansas use on-site
systems to dispose of their domestic wastewater (Bureau of the Census, 1992).
In the United States, it is estimated that on-site domestic wastewater systems dis
pose of over 14 x 109 L (3.7 x 109 gallons) of wastewater/day into the soil
(Reneau et al., 1989). Septic systems are frequently mentioned as an important
source of nitrate and pathogenic contamination of groundwater (CAST, 1992;
Craun, 1985). However, with the proper site selection, design, construction, and
maintenance, septic systems are an economically and environmentally sound
method of renovating domestic wastewater (Rutledge and Wolf. 1986).
A septic system generally consists of (i) the septic tank where solids settle
to the bottom and anaerobic digestion of the waste materials occurs and (ii) the
filter field in which effluent from the septic tank is stored and distributed into the
soil where renovation occurs. The wastewater components that must be reno
vated to prevent groundwater contamination include nitrogen, carbon, phospho
rus, and a range of pathogenic (disease-causing) microorganisms including virus
es, bacteria, and protozoa. The most common or conventional system is the
gravity flow septic system. In certain situations, the conventional septic system
is not acceptable due to such factors as too small lot size, excessive slope, and
either too slow or fast soil hydraulic conductivity. Because of these limitations,
a research project was initiated with the goal of developing and evaluating eco
nomically feasible and environmentally sound on-site wastewater renovation
systems that would be suitable for any building site. The principal investigator
for the project is E. Moye Rutledge and the co-investigators are Mark A. Gross,
and Duane C. Wolf. Full-scale and pilot-scale field projects and laboratory
experiments have been conducted. Cooperators from the Arkansas Department
of Health. Division of Environmental Health Protection, have been instrumental
in building the systems, collecting samples, and monitoring the studies conduct
ed around the state. The purpose of this report is to provide a brief overview of
some recent studies that have been conducted and to summarize the results.
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COMPARISON OF GRAVITY AND LOW-PRESSURE SYSTEMS
In many locations, a conventional septic system cannot be approved due to
a lack of adequate soil depth below the filter field. More uniform distribution of
the wastewater may be the key to improved renovation. We conducted a study
to compare wastewater renovation and hydrological performance of “standard”
gravity flow and low pressure distribution (LPD) septic systems within a planned
community at Fairfield Bay in North Central Arkansas. The soil absorption
trenches were installed in Allen silt loam with a moderate hydraulic conductivi
ty to 117 cm (46 in) and a low hydraulic conductivity below 117 cm. The exper
iment had two replications of the standard and pressurized laterals with a curtain
drain between the upslope and downslope sets of trenches to hydraulically sepa
rate the two replications. The trenches were 12 m (39 ft) long, 61 cm (24 in)
wide, and the depth was 45 cm (18 in) for the gravity system and 30 cm (12 in)
for the LPD system. The effluent loading rate was 3.1 cm/d (0.75 gpd/ft2).
Forty-two tension lysimeters and 26 monitoring wells were located at various
depths and distances around the trenches for collecting water samples and for
monitoring depth to water in the soil.
The results indicated that the LPD system, which provided better distribu
tion of the effluent in the trenches, resulted in more aerobic soil conditions and
enhanced nitrification. In laboratory studies, Gross et al. (1990) also found that
pressure distribution resulted in more uniform wastewater distribution over a
sand filter surface when compared to gravity distribution. Fecal coliform levels
were consistently lower in the samples from the monitoring wells located in the
LPD system. The results also showed that the deeper placement of the trench and
the less uniform distribution of the wastewater in the gravity system resulted in
frequent instances where wastewater ponded in the trench during periods of
hydrologic stress. In no case was ponding found in the LPD system. The pond
ing would most likely reduce wastewater renovation and adversely impact water
transmission out of the trench. Additional details and information have been pro
vided by Bomblat et al. (1994).

STRATIFIED SAND FILTER SYSTEM
Various physical and soil limitations may dictate the use of a sand filter sys
tem in place of the standard septic system. We conducted a full-scale field study
to evaluate the ability of a stratified sand filter to renovate septic tank effluent.
The system treated septic tank effluent by means of an intermittent sand filter
constructed of three sand layers. The bottom, middle, and top layers of sand had
effective diameters of 0.18, 0.21, and 0.3 mm, respectively. Each sand layer was
separated by a 10-cm (4-in) layer of 9.5-mm (3/8-in) pea gravel. The filter was
loaded with effluent at approximately 4.1 cm/day (1.0 gpd/ft2), and the filter
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effluent was collected by underdrains to a basin and pumped to spray irrigation
nozzles for reuse on the property of a private residence in Northwest Arkansas.
The results showed that aerobic conditions were maintained in the upper part
of the sand filter as nitrification was complete. The anaerobic conditions at the
bottom of the sand filter apparently resulted in denitrification with approximate
ly 35% of the total nitrogen being lost from the system. The sand filter displayed
consistent removal of fecal coliform bacteria with levels decreasing from a geo
metric mean of 1.8 x 105 CFU/100 mL in the septic tank wastewater entering the
filter to 59 CFU/100 mL in the effluent leaving the sand filter.

TILE DRAINS
In many parts of Arkansas, the soils are poorly drained, and the hydraulic
conductivity is not adequate for a standard septic system to function during peri
ods of excessive precipitation. We undertook a study near Pine Bluff to evaluate
the use of tile drains to remove excess water from the soil and thus allow the fil
ter field to transmit and renovate the septic tank effluent. The Calloway silt loam
at the site has a moderate to low hydraulic conductivity in the upper 122 cm (48
in) with a seasonal water table within 25 cm (10 in) of the soil surface for sever
al months of the year.
Septic effluent was applied from a low-pressure distribution system, and tile
drains were used to collect water samples once the effluent had moved through
1 m (39 in) of soil. Samples from the septic tank, tile drains in the filter field,
and background tile drains were collected biweekly for 2 years. Results indicat
ed that 1 m of soil was highly effective in reducing total organic carbon (TOC)
levels in the wastewater effluent. Samples collected from the tile drains in the
filter field showed a 96% reduction in TOC. The mean nitrate-N concentration
in the tile drains from the absorption trench was 4 mg/L and was significantly
greater than the 1 mg/L in the background drains. Reduction in fecal coliform
levels was also demonstrated with geometric means in the tile drains in the
absorption field and the background area of 18 and 3 CFU/100 mL, respective
ly. Additional studies using the virus MS2 bacteriophage showed removal of
99.0 to 99.9% of the virus when the septic tank effluent moved through 1 m of
soil (Gross et al., 1991). Results showed that in a poorly drained soil with a mod
erate hydraulic conductivity, a low pressure distribution system with tile drains
resulted in a significant renovation of domestic wastewater within 1 m of soil.

SERIAL DISTRIBUTION SYSTEM
Another filter field design investigated was the serial distribution system. A
full-scale serial distribution system was used to study effluent acceptance rates
(EAR) and long term performance. Based upon the EAR. the experiment was
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recently modified to study the effect of “resting” or not applying effluent to the
trench. The system serves a private residence situated on a Captina silt loam with
a moderate hydraulic conductivity in the upper 45 cm (18 in) and a low hydraulic
conductivity below 45 cm. The soil has a seasonal water table at approximately
45 cm from the soil surface. The system is approximately 12 years old and has
continued to function with some modifications over the years.

USING EFFLUENT STORAGE FOR FILTER FIELD DESIGN
Septic system filter fields may undergo hydraulic failure due to climatic
stress. An experimental filter field was monitored for 5 years under standard
conditions. When excessive rainfall resulted in climatic stress, effluent accumu
lated in the trench to near the soil surface and spread laterally into the adjoining
soil. Hydraulic stress events were the design-limiting factors for filter field load
ing. In soils with perched seasonal water tables, effluent loading rates may be
determined either by effluent storage or crust transmission rates, whichever is
most limiting. Use of the storage concept allows filter fields to function on soils
that would not otherwise be suitable. Details of this design approach are given
by Rutledge et al. (1992).

MAXIMUM LOADING RATE STUDY
The objective of a project we have recently initiated is to determine the max
imum EAR in a Fayetteville fine sandy loam. The system was constructed to use
septic tank effluent from two private residences, loading small soil absorption
trenches at increasing rates to maximize the EAR and ultimately loading to
hydraulic failure. The initial loading rates were set to deliver from 1.6 cm/day
(0.40 gpd/ft2) to 8.8 cm/day (2.50 gpd/ft). The maximum recommended load
ing rate for loamy soil in Arkansas is 3.1 cm/day (0.75 gpd/ft2).

LABORATORY STUDIES
Several laboratory studies have also been conducted to provide additional
information on the design and functioning of septic systems. These include
research into the distribution pattern in various size intermittent sand filter
columns at incremental loading rates. Sand filter columns ranging in size from
15 cm (6 in) diameter to 46 cm (18 in) diameter are being dosed at loading rates
from 5 cm/day (1.25 gpd/ft2) to 16.3 cm/day (4 gpd/ft2) with clean water and
also with water containing sodium chloride as a tracer. The distribution patterns
from the bottom of the sand filter columns will be analyzed to determine the
effects of loading rate and filter diameter upon the filter performance.
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Research into distribution box performance is also being conducted.
Conventional gravity distribution boxes, tipping-bucket distribution boxes, and
dosed distribution boxes are being examined with perforated piping systems sim
ulating field lines. The flow from each 30-cm (12 in) section of perforated pipe
is collected and measured, and the percentage of flow representing each section
is calculated. The standard deviation is calculated for various distribution boxes
and various dosing rates to determine the relative performance of the distribution
boxes. The results of the study indicate poor distribution using distribution
boxes and 10-cm (4-in) nominal diameter perforated pipe.
Survival of pathogen indicator organisms in waste-amended soils has been
studied (Teague et al., 1995). A Captina silt loam was amended with septic tank
effluent, and the influence of temperature on the die-off of fecal coliforms,
Escherichia coli. and coliphages was determined. In waste amended soil, fecal
coliforms and E. coli exhibited greater die-off at 35°C than 5°C. In addition to
quantitating survival of bacterial indicators, estimation of survival of viruses is
needed. Coliphage, a bacteriophage, has been suggested for use as a model indi
cator to evaluate human pathogen virus survival in soil. Results indicated that
coliphage survival was not different among the bacterial indicators and coliphage
at 10 and 20°C (Teague, 1996). The practical aspect of these data is that addi
tion of septic tank effluent into cold, moist soil would be expected to result in
extended bacterial and viral pathogen survival times and, thus, increase the
potential for contamination of ground and surface waters.

TECHNOLOGY TRANSFER AND COLLEGE COURSES
An additional aspect of the project is the effort devoted to communicating
the research results to people that use the findings (Rutledge et al., 1994). The
technology transfer component of the project includes short courses ranging
from 0.5 to 7 days. The courses are mainly conducted for the Sanitarians from
the Arkansas Department of Health, although personnel from other agencies and
the private sector have participated. The topics covered include basic soils,
advanced soils, sand filter design, pressurized distribution system design, con
structed wetland treatment system design, and sand filter media selection, sam
pling, and evaluation. An on-site wastewater system educational slide set has
been developed.
In addition to the technology transfer courses, two college credit courses
have been developed and taught at the University of Arkansas at Fayetteville as
an outgrowth of the research project. A senior-level course entitled “Septic
Systems" is offered in the Departments of Agronomy and Civil Engineering. The
second course is a senior-level Civil Engineering course called “Small
Community Wastewater Systems.”
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CONCLUSION
The Arkansas On-site Domestic Wastewater Renovation Project has been
most active in conducting full-scale field studies to evaluate the design and per
formance of conventional and alternative systems. Cooperation of personnel at
the Arkansas Department of Health has been critical to the success of the numer
ous research projects. Communication and education have also been important
components of the project.
We have no doubt that soil will continue to be used as a medium for waste
water disposal and renovation. Reducing ground and surface water pollution will
continue to receive local and national attention. Past, present, and future studies
are fundamental in the search for innovative, economical, and environmentally
sound on-site wastewater renovation systems.
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GROUND WATER QUALITY IMPACTS
FROM CONFINED SWINE FACILITIES
Tim Kresse, Ed Van Schaik, Sandi Formica and Tony Morris
Arkansas Department of Pollution Control and Ecology
Little Rock, Arkansas

INTRODUCTION AND BACKGROUND
Ground water quality was monitored at four confined swine facilities in
Newton County, Arkansas. Three of the facilities are sow/weaner pig operations
with approximately 300 sows, and the fourth site is a 220 sow/pig facility.
Liquid waste produced from flushing the swine houses is gravity fed to a settling
pond for solids separation. The remaining liquid is drained to a holding pond,
which serves as a primary source of water for flusing waste from the houses.
These ponds are periodically pumped and the waste is applied to pasture land
according to pennit conditions established by the Arkansas Department of
Pollution Control and Ecology (Department)a.
Confined animal operations are a concern because of the potential impact to
surface and ground water from the soluble species of phosphorus and nitrogen.
Nitrate, NO3-N, with a drinking water limit of 10 mg/L, is one of the the most
common contaminants in ground water in northwest Arkansas. Leakage from
earthen ponds, including industrial, municipal and agricultural, is a common
source of ground water contamination in the state.
The ground-water investigation phase is part of a larger project funded in
part by the U.S. Environmental Protection Agency, 319 nonpoint source pro
gram. The project, titled “The Buffalo River Liquid Waste Management System
Demonstration Project,” evaluates Best Management Practices (BMPs) and
potential surface and subsurface water quality impacts at six swine farm sites
(Figure 1). The ground water investigation was designed to evaluate potential
leakage from waste storage ponds at four of the project sites.

SITE GEOLOGY AND SOILS
The four ground-water monitoring sites are located on the upper reaches of
two major tributaries of the Buffalo River: the Little Buffalo River and Cave
Creek (Figure 1, Sites #1, #2, #7 and #8). The Buffalo River watershed encom
passes three major physiographic subdivisions of the Ozark Plateaus Province:
the Boston Mountains, the Springfield Plateau and the Salem Plateau.

aArkansas Department of Pollution Control and Ecology Regulation #5
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These regions are characterized by decreasing elevations within the watershed
from the Boston Mountains in the southwest portion of the watershed to the
Salem Plateau in the extreme northeast portion. All four ground-water monitor
ing sites are located in the Boston Mountains.

Figure 1. Location of monitoring sites (numbers indicate farm location; arrows indicate
stream receiving point)

The stratigraphy of the Boston Mountains, especially in regard to its influ
ence on the site hydrogeology, can be divided into two major units: The Atoka
Formation and the Morrow Group (Bloyd and Hale Formations). The Bloyd and
Hale Formations are represented by a series of interbedded shales and sand
stones; whereas, the Atoka Formation in the study area is a medium-bedded
sandstone that occurs as a caprock in portions of the Boston Mountains (Croneis,
1930). The Atoka outcrops predominately in the extreme western portion of the
watershed in the highest elevations; however, two of the four ground-water mon
itoring sites contain outcrops of highly weathered Atoka sandstone.
Because of the high percentage of shale in the Bloyd Formation, soils in the
Boston Mountains tend to contain a high percentage of clay and exhibit low per
meabilities (Fowlkes et al. 1988). Some of the wells penetrated 25-35 feet of
grey clays and thin sections of highly-weathered grey shales before reaching
water-saturated zones. Water was either encountered in silty-sand seams or in
sections of weathered shale between clays. Where the Atoka was exposed, soils
were normally thinner and changed from gravelly, clayey loams at the surface to
silty sands approximately 3-5 feet from the surface.
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SUBSURFACE HYDROLOGY
The hydrogeology of the Boston Mountains is complex and difficult to
express within a simple conceptual model. Regionally, the geologic units which
form the Boston Mountains are part of the Western Interior Plains Confining
System (Imes and Emmett, 1994); however, the units are locally water-bearing
and used for domestic purposes. Well logs indicate that yields are typically low
and range from 0.5 to 2.0 gpm. Ground water generally flows within the moreporous sand units of, and often confined by, clays and shales. Bedding plane
flow is evident during wet-weather events in the form of seeps at sand/shale con
tacts. At site #7, two nested well series were installed in the overburden and in
the first occurrence of water within the bedrock. The water levels in each of the
nested-series wells differed by over 15-20 feet. This is a greater distance than
can be accounted for by vertical head losses, and confirms the lack of communi
cation and existence of independent zones of ground water flow confined by
thick sequences of clay and shale.
Wells developed within the overburden, similar to the deeper "bedrock”
wells, encountered water under confined conditions. Evidence for confined con
ditions included water rising several feet above the zone of saturation, thick
sequences (>5 feet) of overlying clayey loams and clays, little to no water level
changes with rainfall events, and water quality analyses that indicated a lack of
near-surface water communcation.

METHODOLOGY
A minimum of three ground-water monitoring wells, one upgradient and two
downgradient, were installed at each of the four sites. The wells were con
structed by advancing 5-foot sections of 8-inch auger into approximately ten feet
of the saturated zone; at which point 2-inch PVC screen (5-foot section) and riser
were placed into the hole. The annulus was packed with clean, graded sand to
approximately two feet above the screen, topped with a 4-foot bentonite pellet
seal, and completed to surface with a 7% bentonite, neat-cement mixture. The
well head was protected against vandalism and tampering by use of a locking,
steel well protector. The wells were initially developed by use of bailers and. at
a later point, by use of bladder pumps.
Dedicated bladder pumps were installed in each well to prevent possible
cross-contamination during sampling events. The bladder pumps were operated
using a mobile compressor and pheumatic controller system. The wells were
purged until temperature, pH, and conductance readings were stabilized.
Samples were placed on ice and delivered under chain-of-custody to the depart-
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ment laboratory. The ground water samples were analyzed for NH3-N, Cl, NO2
+ NO3-N, ortho-phosphate, total P, SO4, TKN, TOC and TDS.

RESULTS
A selected set of indicator parameters is presented in Table 1. These analy
ses represent average concentrations from three separate sampling events,
although the chemistry of the water changed little from one sampling event to
another. One aspect of the analyses that was not expected was the preponderence
of non-detectable values for the nitrogen species, especially in view of the fact
that the ponds can have TKN concentrations exceeding 6000 mg/L. Most all of
the NH3-N and NO3-N values were non-detect at 0.05 mg/L, respectively.
These results are believed to be the direct result of the thick weathered shale that
underlies most of the sites, and acts as a natural liner system.

Table 1. Indicator Parameters From Water Quality Analyses (mg/L)
Farm #

NH3-N

BSGW11M

1

BSGW12M

1

BSGW13M

BSGW21M

1
2

BSGW22M

2

BSGW23M

2

Station

BSGW24M
BSGW71DM
BSGW71M
BSGW72M
BSGW73M
BSGW74M
BSGW74DM
BSGW101M
BSGW81M
BSGW82M
BSGW83M
POND

2
7
7

7
7

7

7

NO3-N

TKN

Cl

TDS

SO4

<0.05

1.45

4.25
0.20
<0.02
<0.02
<0.02
<0.02

0.28
0.90
0.31
0.28

36
22

285

<0.05
<0.05
<0.05
<0.05

1.8

8.5
2.0
2.2
4.0

0.80

1.7

0.66

4.2

0.38
0.42

2.3

0.23
0.32
0.34
0.40
0.47

4.0

<0.05
<0.05
<0.05
0.09
<0.05
<0.05
<0.05
0.08

10
8
8

<0.05
<0.05

8
All*

<0.05
1918

0.20

37

80
120

93
178
125
170
128
95

6.0
11.0
4.5
4.6
6.1

3.9

70
90
170

6.3
5.2
10.0

0.38

3.8
4.8

103
270

0.81

985

3100

2.1
6.3
890

530

6650

3650

0.19

0.75
0.69

12

NA**

4073

351

190
NA

20
702

<0.02
<0.02
<0.02
<0.02
<0.02
<0.02

9.0
<0.02
<0.02

3.4
3.0
6.5

*Average concentration of 25 pond samples from various farms
**Not Analyzed
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It is interesting to note that the highest NO3-N concentrations were at sites
which are located on the Atoka Formation. Both site #1 and site #10 have ponds
which rest on weathered sections of Atoka sandstone. Site #10 is not one of the
study sites and is not listed on Figure 1, but was used for background water qual
ity monitoring for site #7. An intensive monitoring network was installed at site
#7 including a nested background well series (74M and 74DM) upgradient from
the waste ponds. However, site #10 is located on a hill above site #7 at an ele
vation difference of approximately 35 feet (Figure 2). Because the waste ponds
at site #10 could potentially impact the background wells at site #7, a decision
was made to install an additional background well above the houses and waste
ponds at site #10. However, virtually all wells at site #7 had NH3-N and NO3
-N concentrations below detection, whereas the well at site #10 had an average
NO3-N concentration of 9.0 mb/L. Numerous seeps at the base of the hill, which
corresponds to the Atoka/Bloyd contact, offers an explanation for the above
described situation. Contaminated ground water at site #10 flows along the top
of the weathered shale and discharges along seeps, where the topography has
exposed the sand/shale contact. The shale acts to prevent vertical migration into
the first saturated zone at site #7. The waste ponds at site #10 were replaced in
1995 because of evidence of leakage; the ponds were not designed to Natural
Resource Conservation Service specifications; and bedrock was encountered
during excavation.
Elevated concentrations of Cl. TDS, and SO4 were noted at site #8 in wells
81M and 82M. The waste ponds are not a suspected source of contamination at
these well locations for two reasons; first, the ponds cannot account for the ele
vated levels of Cl and SO4 in the ground water and, second, the nitrogen species
are not present in detectable concentrations (Table 1). This phenomenon has
been noted by the authors in other locations of the state, where the saturated zone
is in a low-permeability, clay-rich soil derived from weathered shale. The high
concentrations of certain ions, particularly Cl, SO4, and Fe, are common and
reflect the enrichment of these ions in their original depositional environment
(White et al, 1963; Hem, 1989). This situation illustrates the need for under
standing the stratigraphy and the resulting water/rock interactions in ground
water investigations.

SUMMARY AND RECOMMENDATIONS
Ground-water quality analyses from monitoring well-water samples at four
confined swine farms within the Buffalo River watershed revealed minimal
impacts from onsite waste ponds. Concentrations of >1 mg/L NO3-N were noted
in samples from wells located within weathered sections of Atoka sandstone.
Soils at these sites were somewhat more permeable than soils derived from the
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weathering of the Bloyd shale. Elevated concentrations of Cl and SO4 at one site
are thought to be the direct result of adsorbed ions and/or connate water from the
original depositional environment from which the shales were formed.
Two mechanisms are possible for reducing the impact to ground water
from waste ponds: (1) the proper design and construction of a pond liner system
and (2) the occurrence of onsite, low-permeability soils, which retard the
vertical migration of waste liquid into the saturated zone. The soils at

Figure 2. Sketch showing relationship of site #10 to site #7

most locations within the Boston Mountains are derived from the weathering of
shales, exhibit low to very low permeabilities, and provide a natural system of
protection for ground water in the area.
A second study has been proposed to evaluate waste ponds at dairies locat
ed on the Springfield Plateau, where the Boone Formation is exposed at the sur
face. Soils derived from the weathering of the Boone Formation are moderately
to highly permeable, and ground water is increasingly vunlerable to surface
sources of contamination. Results from the proposed study should provide fur
ther information on the role of regional geology and soils in preventing ground
water contamination.
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IMPLEMENTATION AND EVALUATION OF A
MODIFIED DRASTIC FOR USE IN SELECTING
OPTIMAL LOCATIONS FOR MONITORING
PESTICIDES IN GROUND WATER
H.S. Lin and H.D. Scott
Department of Agronomy
K.F. Steele and P.F. Vendrell
Department of Geology and Arkansas Water Resources Center
and
T.W. Nichols
Arkansas Water Resources Center

INTRODUCTION
The Arkansas Delta comprised of approximately 10 million acres and 70%
cropland is one of the most extensively farmed regions in the U.S. With high crop
productivity in this region, over 6 million pounds of pesticides are applied each
year. Detection of some pesticide residues in the Mississippi River Valley alluvial
aquifer (Cavalier et al., 1989) has generated the need to monitor the ground water
for pesticides. The alluvial aquifer underlies nearly all of the region (except
Crowleys Ridge). With limited financial resources available, the question of
where we should begin to monitor ground water for pesticides is pertinent. A map
showing the spatial distribution of ground water sensitivity to pesticide contami
nation is needed to guide the selection of optimal wells for sampling. Such a map
would also benefit a number of other environmental programs related to ground
water quality, such as agricultural best management practices (BMPs), wellhead
protection program, waste disposal citing and management, and guidance of
where and how to apply pesticides such that crop production is maximized and
potential ground water contamination is minimized. To assist the implementation
of the Arkansas Agricultural Chemical Ground-Water Management Plan (Nichols
and Wilkes, 1992), the areas in the Arkansas Delta were mapped according to rel
ative pesticide contamination potential in the alluvial aquifer. This map was used
to target areas where pesticides might be present (if more pesticide contamina
tions exist in the alluvial aquifer). We also wish to evaluate the applicability of a
widely-used ground water vulnerability assessment model - DRASTIC (Aller et
al., 1987) by comparing the map developed using this model with the field data.
Field validations of DRASTIC or its modified versions are limited in the litera
ture. In this study, we emphasize the uncertainties involved in the model and pos
sible error propagation in implementing the model in a GIS environment. Several
potential improvements of the model are also sought in this study.
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MODIFIED DRASTIC MODEL
Following the recommendation of the Arkansas Soil and Water
Conservation Commission (1991), a modified Pesticide DRASTIC was used in
this study in a GRASS GIS environment to develop a map of ground water sen
sitivity to pesticide contamination. This recommendation was driven largely by
data availability in Arkansas and expert judgment. The scale of this regional
study and the need for an interface with GIS were also favorable considerations
for using this index method. We modified the original Pesticide DRASTIC in
several aspects to suit the local hydrogeologic settings and to enhance the assess
ment for use in the Arkansas Delta. First, the thickness of the confining unit overlying the alluvial aquifer, instead of the type of geological material, was used to
represent the impact of the vadose zone. This was because similar types of sedi
ments overlying the aquifer in the study area. The thickness of the confining unit
plays an important role in governing the recharge to the aquifer and pesticide
adsorption and degradation processes in the vadose zone, and thus, the potential
for a pesticide to reach the shallow alluvial aquifer. Second, the weight of the
impact of vadose zone was increased from original 4 to 7, because expert judg
ment considered this factor to be more important than other factors in determin
ing the aquifer sensitivity in the Arkansas Delta. Third, the use of qualitative soil
textural class to assign rates for soil media was replaced by the use of soil fabric
permeability estimated from soil texture and structure. Finally, more detailed
classes and ratings were used for net recharge rate. The details of our implemen
tation of the modified Pesticide DRASTIC in GRASS GIS are described by Lin
et al. (1996).
The resulting ground water sensitivity map showed that the range of the
scaled aquifer sensitivity index (SI) calculated from the modified Pesticide
DRASTIC was from 31 to 87 for the study area with a majority of the region
falling in the moderate range (Fig. 1). The non-uniform spatial distribution of the
SI in the region suggested that random sampling of wells would not be an effi
cient approach for monitoring potential pesticide contamination. Only 0.31% of
the region has a SI A 80, and 11.95% has a SI ranging from 70 to 79. Therefore,
with limited resources and funds, focusing on the more sensitive areas for mon
itoring ground water was thought to be more effective.

STATUS
The aquifer sensitivity map was used in selecting wells for monitoring the
shallow alluvial aquifer. In general, the sampling sites were selected in areas with
relatively high sensitivity in order to maximize the possibility of finding pesti
cides. Theoretically, the areas with high SI should have more frequent occur
rences of ground water contamination events than the areas with low SI given
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similar land use and well construction. Thirteen pesticides (2,4-D, acifluorfen,
alachlor, atrazine, bentazon, cyanazine, diuron, fluometuron, linuron, meto
lachlor, metribuzin, molinate, and norflurazon) were analyzed in each sample.
Among a total of 191 wells sampled so far in our monitoring program from 1993
to 1996, 14 wells (7.3%) were found containing detectable pesticides (Table 1).
Of these contaminated wells, 4 wells contained bentazon at concentrations
exceeding the EPA's HAL (20 pg/L). Bentazon was also the most frequently
detected compound (found in 10 wells). Most of the 14 contaminated wells had
repeated detections of the same pesticides in at least one other sample collected
at a later time (Table 1). Two wells in Woodruff County had persistent occurrence
of high bentazon concentrations over a period of about 1.5 years.
While we feel that the use of the ground water sensitivity map has been help
ful in finding pesticides in the study area, it is still not clear to us whether these
contaminations were from non-point sources (e.g. leaching) or point sources (e.g.
mixing/loading), and that the relationship between the SI and the frequency of
pesticide detections is inconclusive. Like similar applications of DRASTIC in
other parts of the U.S. and in other countries (e.g. Merchant et al., 1987; Banton
and Villeneuve, 1989; Evans and Myers, 1990; USEPA, 1993; Rosen, 1994), the
applications of DRASTIC have encountered both appreciation and doubt.

FUTURE STUDIES
Further studies are being made in the following aspects to more closely eval
uate DRASTIC:
(1) Examining whether the incorporation of pesticide loading rates will
improve the assessment of ground water vulnerability. Satellite imagery (1992
Landsat 5 thematic mapper) is being used to identify crop distribution in the
region and average pesticide application rates in major crops are estimated based
on surveys from growers;
(2) Investigating possible correlations among the DRASTIC factors and cor
relations between pesticide detections and other ground water quality parame
ters;
(3) Comparing DRASTIC prediction with other approaches for assessing
ground water vulnerability including simulation models and statistical methods.
Pesticide-specific investigations are being conducted using other approaches;
(4) Quantifying uncertainties involved in the DRASTIC methodology and
error propagation from input maps to output maps in a GRASS GIS environ
ment; and
(5) Using well-specific information to examine the migration potential of
specific pesticide under local conditions.
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The Scaled Sensitivity Index

Figure I. Areal frequency distribution of the scaled aquifer sensitivity index in the
Arkansas Delta determined from the modified Pesticide DRASTIC.

Table 1. The 14 wells with pesticide detections in the Arkansas Delta from 1993
to 1996.
Well Use

Well ID

Well Depth
(ft)

Sampling Date

Drew-I
Poinsett-l
Mississippi-4
Mississippi-5
Craighead-4
Woodruff-7

Domestic
Irrigation
Garden
Green house
Mixing
Domestic

(unk)
100+
50
30-50
20
(unk)

Woodruff-9

Mixing

60

Woodruff-11
Woodruff-25
Woodruff-26
Woodruff-29
Woodruff-34
(PB)

Garden
Domestic
Domestic
Domestic
Farm stead

35
45
60
26
62

7/26/94, 2/20/95
9/15/94, 2/20/95
9/15/94, 2/20/95
9/29/94, 2/20/95
2/20, 5/15,95

Pulaski-14

Domestic

20-30

6/19, 9/28/95,
2/28/96

Monroe-1

Domestic

<50

3/28, 4/17,96

§
#
t
*
+

4/22, 5/20/93
12/6/93, 3/29/94
11/2/93
11/2/93, 3/28/94
11/22/93, 3/29/94
5/23, 6/29, 7/27/94,
5/15, 10/12/95
5/24, 6/29/94,
5/15, 10/12/95

Pesticide
Detected
Metolachlor §
Bentazon §
Bentazon +
Bentazon §
Fluometuron §
Bentazon *

0.7, <0.14#
0.2, <0.68
2.5
0.3, <0.68
0.5, <0.06
55 ±, 66, 78, 21, 38

Acifluorfen *
Bentazon *
Fluometuron *
Metolachlor *
Bentazon *
Bentazon *
Metribuzin *
Alachlor §
Acifluorfen t
Bentazon t
Acifluorfen *
Bentazon *
Fluometuron *
Metribuzin *
Acifluorfen *
Bentazon *

1.7, 8.6, 6.8,4
25, 88, 37, 26
0.9, 0.8, 0.4, <0.06
13, 11.5
4.4, 1.9
1.5, 0.9
0.35, 0.4
1.5, <0.1
<0.21, 0.5
<0.68, 1.5
27, 11,9.3
135, 57, 58.6
24. 19, <0.06
4. 2. 1.34
148, 180
97, 103

No detectable pesticide in a later sampling.
Below detection limit (i.e. no detection).
Not verified.
Verified by at least one other sample collected at a later time.
Bold number indicates the concentration exceeds the EPA's HAL.
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Pesticide Concentration
(μg/L)

USING ALUM TO DECREASE NON-POINT SOURCE
PHOSPHORUS RUNOFF AND INHIBIT AMMONIA
LOSSES FROM POULTRY LITTER
P.A. Moore, Jr.
U.S. Department of Agriculture
Agricultural Research Services
University of Arkansas
Fayetteville, Arkansas

ABSTRACT
Recent research has shown that phosphorus (P) runoff from tall fescue plots
fertilized with poultry litter can be significantly decreased by treating litter with
alum (aluminum sulfate). Alum has also been shown to be very effective in
reducing ammonia volatilization losses from poultry litter. Since high ammo
nia levels cause poor performance of poultry, it was hypothesized that alum
additions to poultry litter may be cost-effective. The objectives of this study
were to determine the effects of treating poultry litter in commercial broiler
houses with alum on: (1) litter pH, (2) atmospheric ammonia, (3) broiler
weights, (4) feed conversion. (5) mortality, (6) energy use. and (7) phosphorus
runoff from fields fertilized with litter. The research was conducted at two com
mercial broiler farms in northwest Arkansas; one had six houses, the other had
four. Half of the houses at each farm were treated with two tons of alum after
each flock of birds, the other houses were controls. After a one year cycle, lit
ter from these houses was applied to paired one-acre watersheds and runoff was
collected for one year. Results from this study showed that alum applications
significantly lowered litter pH for the first few weeks of the growout, which
resulted in significantly lower atmospheric ammonia in the alum-treated hous
es. Alum-treatment of litter also resulted in significantly heavier birds, slightly
lower mortality, and improved feed conversion. Propane and electricity use
were also lower in alum-treated houses. Phosphorus concentrations in runoff
water from watersheds fertilized with alum-treated litter were 75% lower than
that from normal litter. In conclusion, alum-treatment of poultry litter appears
to be a very effective method of reducing non-point source P runoff, while
increasing agricultural productivity.
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PHOSPHORUS: BENEFITS AND CONCERNS
D.H. Pote and T.C. Daniel
Department of Agronomy
University of Arkansas
Fayettville, Arkansas

ABSTRACT
The beneficial and harmful effects of P are both due to two simple facts:
P is a primary nutrient that is essential for all plant growth, but the supply of P
in nature is not very available to green plants and is often the nutrient that limits
their growth. Under such conditions, P applications can greatly increase plant
growth. This is very beneficial when P increases the yield of desirable crops
such as grains or helps prevent erosion of soil by improving grass cover.
However, the increased availability of P can be a cause for concern because it
also enhances the growth of undesirable crops. This is especially problematic
when P promotes the overproduction of algae and other water plants. Increases
in P inputs can cause clear streams and lakes to become choked with water plants
and turn murky with dense algae populations, thus greatly reducing the beauty
and recreational potential of the water body. Too much algae can cause taste and
odor problems that reduce the value of drinking water sources. In fact, excessive
growth of some types of algae can make water toxic to drink. Dense populations
of algae and other water plants can also cause nocturnal crashes in dissolved oxy
gen levels (sometimes resulting in fish kills), especially as older plants die and
begin to decay.
Most of the P inputs to streams and lakes come from surface runoff, so any
P amendment that is applied excessively or at the wrong time (e.g. on snow
cover) may eventually enter nearby streams and lakes. Poultry litter provides a
good source of P for forage crops and remains on the crop better than P from sur
face-applied commercial fertilizer, but good management of poultry litter is com
plicated by the fact that its P:N ratio is about 3 times as high as the P:N ratio
required by most crops. Therefore, if poultry litter is used to meet the N needs
of a forage crop, the excessive P accumulates in the soil and increases the soil
test P level. Research has shown that even when fertilizer is no longer being
applied, soils with high soil P levels can produce P-rich runoff.
By looking at individual farms as a system of inputs and outputs, it is possi
ble to help farmers identify ways to keep P as a valuable nutrient on their crops
and reduce excessive P inputs to streams and lakes. Phosphorus is primarily
brought onto the farm as either feed or fertilizer, and it leaves the farm in agriculturl products (crops, hay, milk, eggs, livestock, manure, etc.) or in runoff.
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Therefore, long-term reductions in P losses require decreases in the amount of P
brought onto the farm as feed or fertilizer, increases in the P leaving in farm prod
ucts, and/or better management of litter applications to control P losses in runoff.
Researchers are now working to find ways to reduce the P content of animal feed
rations. If the soil test P level of a farmer's land is already high, he may be able
to reduce or eliminate the expense of importing commercial P fertilizer (Mehlich
III soil test P of 100 lb/acre is more than enough P to obtain maximum crop
response). Some farmers may be able to export some of their excess P by sell
ing additional farm products such as hay or manure. Others can use management
practices that greatly reduce the amount of P lost in runoff. These include: (1)
applying no more than the recommended amount of poultry litter for the crop, (2)
applying litter only when no heavy rain is in the weather forecast for at least the
next two days, and (3) leaving zones of unfertilized plants near lakes and streams
to filter P from runoff.
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PHYSICAL FACTORS, FUNCTIONAL GROUPS AND
PHYTOSOCIOLOGY:
EVALUATING PLANT COMMUNITIES IN THE
RIPARIAN ZONE OF THE
BUFFALO NATIONAL RIVER
C.L. Sagers, J. Lyon and E.E. Dale, Jr.
Department of Biological Sciences
University of Arkansas
Fayetteville. Arkansas

INTRODUCTION
The goals of this project were to describe plant species assemblages within
the riparian zone, and to identify environmental characteristics that are associat
ed with transitions among plant communities. Some of the dominant environ
mental factors shaping the composition and structure of bottomland forests are
frequency and intensity flooding, soil texture and pH, slope and aspect (Bell.
1974; Bell and del Moral, 1977; Dale, 1984; Dollar et al., 1992). We use multi
variate analyses to evaluate the correlations between plant community composi
tion and these environmental variables in the Buffalo National River ecosystem.
We take a functional approach whereby the vegetation is categorized by adult
morphologies (i.e., trees or shrubs), and evaluate the environmental influences
on each group separately.

METHODS
Study Site
The Buffalo National River, located in the Ozark Plateaus Providence of
northwest Arkansas, flows from its source in Newton County, through Searcy
and Marion Counties and terminates at its confluence with the White River. The
Buffalo National River consists of a narrow strip of land that covers approxi
mately 38,600 ha. Most of the BNR is in the Boston Mountains Region of the
Ozark Upland, but it also traverses the Springfield and Salem Plateaus (Rafferty,
1980). Exposed rocks in areas of the Springfield Plateau are primarily limestone
and chert of Lower Mississippian-age, while on the lower stretches of the river
and eastward into the Salem Plateau, the surface rocks are mainly limestone and
dolomite with some sandstone and shale, largely Ordovician in age (Arkansas
Department of Planning, 1973). Sinkholes and caves are common in the lime
stone strata. Elevations range from about 120 m at the mouth of the river, to
approximately 610 m in the headwaters.
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Vegetation Analysis
Between June and August 1994, and in August 1995, sampling transects
were established at 35 sites along the Buffalo National River. Study sites were
chosen from among the locations that were accessible by secondary roads or foot
trails, and separated by approximately 5 km. Transects began at the river’s edge
and continued uphill to a point where the forest canopy was dominated by oak
(Quercus sp.) and hickory (Carya sp.). Each transect site was categorized by
current land use: secondary forest, campground or old field. This survey includ
ed 19 secondary forest sites, 10 campground sites and six old field sites.
Along each transect. 5 X 10 m plots were spaced at 15 m intervals. Plot
dimensions were determined from species area curves as the size at which sam
pling effort was most efficient. Rectangular plots, rather than square or circular
plots, were used because rectangular plots more adequately sample the existing
diversity (Bormann, 1953). Shrubs were sampled in subplots within the 5 X 10
m plot. A total of 167 - 5 X 10 m plots were sampled.
Plants were categorized as trees or shrubs based on stem diameter and height.
Plants > 1 cm in diameter at 1.3 m in height (dbh) were treated as trees, plants <
1 cm dbh, or 0.1 - 1.3 m tall, were classified as shrubs. Within a 5 X 10 m plot
each tree was identified to species and its diameter was recorded. Shrub species
were sampled in four-32m circular subplots and their occurrence and cover class
within a subplot were recorded. Cover classes follow Daubenmire (1959).

Physical Attributes
Each study plot was characterized by three physical factors: slope, aspect and
height above river. The slope and aspect of each plot were measured with a cli
nometer and compass, respectively. Height above river (c) was calculated from the
angle (a) and distance (b) between one observer and the edge of the plot and anoth
er at the river’s edge as: c = (sin a)b. The study took place during the driest months
of the year (June - August), so height above river is measured from base flow level.
Soils
Soils were collected at a depth of 10 cm from three locations chosen hap
hazardly within each 5 X 10 m plot. Samples were collected into polyvinyl bags
and stored at 0°C until they could be processed. Each bulk soil sample was air
dried and passed through a 2 mm sieve to separate fine and crude soil fractions.
The total sample weight and the weight of the samller size fraction were record
ed to calculate the percentage of total sample < 2 mm (i.e., % fines). All subse
quent analyses were performed on the fine fraction. Methods for soil pH follow
McLean (1982). Methods for soil texture were modified only slightly from
Bouyoucos (1951). Field capacity was estimated by a correlated measure, con
tainer capacity. Methods follow Cassel and Nielsen (1986). Methods for organ
ic matter content follow Lim and Jackson (1982).
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Data Analysis: Correspondence Analysis
Canonical correspondence analysis (CCA) (Ter Braak, 1986) ordinations
were conducted on plant species-environmental variable matrices using the pro
grams PC-ORD (McCune and Mefford, 1995) and CANOCO 3.10 (Ter Braak.
1988). Importance values (IV) were calculated for all tree species for each sam
pling plot as the sum of relative density (100% maximum) + relative dominance
(100% maximum). The maximum IV possible for a monotypic plot was, thus,
200%. Dominance of species in the shrub layer were evaluated using mean
cover in each plot for each species. Correlations among environmental variables,
and between environmental variables and ordination axes scores were calculated
with Statistical Analysis Software, Proc GLM (SAS Institute, 1985).

RESULTS AND DISCUSSION

Plot Ordination: Tree Layer
Eigenvalues associated with axis are the correlation between community
composition and the environmental matrix (Gauch, 1982; Pielou, 1984). The
eigenvalues of the first three axes and the coefficients of determination for
species composition and environmental variables are given in Table 1. Axis 1 is
strongly correlated with height above river and pH. Axis 2 is with slope and per
cent organic matter content. Axis 3 accounts for little variation in the data, but
is influenced by container capacity and percent organic matter content.

Table 1. Eigenvalues and Pearson coefficients of determination for environmen
tal attributes and ordination axes. Correlations are intraset correlations
of Ter Braak (1986). Sample included 66 tree species in 100 plots.

Eigenvalue
Height Above River
Clay
Sand
Silt
Slope
Aspect
Fine
Container Capacity

PH
Organic Matter Content

Axis 1

Axis 2

Axis 3

.42
-.72
-.32
.31
-.27
-.39
-.31
.32
-.10
.81
-.04

.27
-.15
.36
-.05
-.03
-.64
-.14
.34
-.37
-.37
-.58

.23
.19
.26
-.09
.01
-.13
.33
-.07
.44
.39
.50
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Tree species are broadly distributed along the first two axes of the CCA ordina
tion (Fig. 1). Many species associated with bottomland forest are found at the
extreme right of this diagram. For instance, silver maple (Acer saccharum), red
maple (A. Rubrum), sycamore (Platanus occidentalism and catalpa (Catalpa spe
ciosa). Although this appeared at first to be a typical bottomland forest, a num
ber of pecularities existed. Associated in the understory with these well-recog
nized riparian species are dwarf chinkapin oak (Quercus prinoides), a glade
species, elderberry (Sambucus canadensis), poison ivy (Toxicodendron radicans)
and persimmon (Diospyros virginiana). At the left of the axis 1 are tree species
characterstic of upland forest: black hickory (Carya texana), and white oak (Q.
Alba). However, oddities also occurred in this group of study plots. For
instance, beech (Fagus grandifolia) and blackjack oak (Q. Marilanda) were pre
sent.

Fig. 1. CCA of Buffalo River tree (>1 cm dbh) species. Each point represents a single species
(N = 66) across 100 plots.

Subcanopy species associated with these upland canopy plants are grape (Vitis
rotundifolia), and sumac (Rhus spp.), as well as the odd riparian species hack
berry (Celtis laevigata). Axis 2 is correlated with percent organic matter content,
and slope toward the top of the figure. Species found on shallow slopes with lit
tle organic matter are cottonwood (Populus deltoides), and honey locust
(Gleditistia triacanthos). Associated with these canopy plants are Virginia
creeper (Parthenocisus quinquefolia), dogwood (Cornus amomum), and gum
bumelia (Bumelia lanuginosa). At the other extreme, on steep slopes with rich
soils are white ash (Fraxinum americana), bladdernut (Staphylea trifoliata),
hawtorn (Crataegus spathulata), and Mexican plum (Prunus mexicana).
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Although the axes are associated with species characteristic of distinct forest
types, the CCA of plant species shows no clustering of points and suggests that
along these gradients plant associates are not sorting into distinct communities.
The CCA of the tree layer shows a similar trend when illustrated with the
plot scores (Fig. 2). Study plots are broadly separated by axes 1 and 2. Species
importance values are correlated with particular environmental or physical attrib
utes, and do not cluster in ordination space nor do they define distinct commu
nities. These results are consistant with the generally accepted theory that plant
communities are composed of individual species moving independently along
environmental gradients.

Fig. 2. CCA of Buffalo River tree (>1 cm dbh) species. Each point represents a single plot (N = 100).
A total of 66 species were found across all plots.

Plot Ordination: Shrub Layer
The results of shrub and tree ordinations differ markedly. The eigenvalues
of the first three axes and the coefficients of determination for species composi
tion and environmental variables are given in Table 2. Axis 1 similar in both
ordinations: height above river and pH are the dominate environmental variables
correlated with species distributions. However, axis 2 of the shrub layer ordina
tion is correlated with stoniness (i.e., % fines), a factor that was not correlated
with species distributions in the tree layer. Second, organic matter content, slope
and percent clay, important factors in the tree ordination, were inconsequential in
the shrub ordination. The ordinations indicate that the edaphic or environmental
factors that dictate the distribution of species may differ between the shrub and
tree layer.
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Table 2. Eigenvalues and Pearson coefficients of determination for each
environmental variable and the ordination axis. Analysis included
377 species in 142 plots.

Eigenvalue
Height Above River
Clay
Sand
Silt
Slope
Aspect
Fine
Container Capacity
PH
Organic Matter Content

Axis 1

Axis 2

.49
.86
-.30
-.47
.46
.47
.16
.01
.37
-.68
-.47

.30
-.12
-.04
.38
-.37
-.09
-.19
-.87
-.27
-.35
-.28

Axis

3

.27
-.13
-.34
-.12
.25
.14
.02
-.04
.63
.30
.49

Shrub plots show some clustering along axes defined by the three dominant
environmental variables (Fig. 3). Site scores fall out in a U-shaped distribution:
plots in the upper left quadrant are almost exclusively gravel bar sites, plots in
the upper right are upland sites, and plots in the lower quadrants are at interme
diate elevations. Gravel bars host a distinct assemblage of shrubs species, which
is clearly expressed in the CCA. Such distinction is lacking in the remaining
sites whereby ordination scores grade continuously from mid-elevation to upland
sites with no interruption.

Fig. 3. CCA of Buffalo River shrub (<1 cm dbh) species. Each point represents a single plot
(N = 142). A total of 377 species were found across all plots
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CONCLUSIONS

Plant species occur in a characteristic, limited range of habitats and within
their range they tend to be most abundant around their particular environmental
optima (Ter Braak and Prentice 1988). The composition of biotic communities
thus changes along environmental gradients; successive species replacements
occur as a function of variation in the environment (Pickett 1980). The plant
species assemblages of the Buffalo National River are strongly correlated with
pH and elevation (i.e., height above river). Although they appear to be tracking
similar gradients, species tend not to form cohesive or distinct communities.
Rather a species becomes more or less abundant independent of the distributions
of other species. The only distinct communities detected in this analysis were
highly disturbed and modified campsites and hayfields.
Trees and shrubs may be tracking different environmental variables. The
first axes of the tree and shrub ordinations were similar, but major differences
were detected in the secondary axes. For example, slope and organic matter con
tent were highly correlated with tree, but not shrub distributions on the second
axis. Stoniness (i.e., % fines) was correlated with shrub, but not tree distribu
tions on the second axis. Since trees and shrubs differ in their morphologies (i.e.,
canopy volume, rooting depth), physiologies and life histories (Korner, 1994), it
should not be surprising that they respond differently to environmental or suc
cessional gradients. Vegetation layers may be responding to different gradients
that result in the chaotic and complex patterns often found in studies of plant
community structure.
Most studies designed to characterize the vegetation of the Ozarks have
sampled only tree species, and often trees >10 cm dbh (Read 1952; Nigh et al.,
1985; Ware, et al., 1992). Although distinct communities were not identified in
the tree layer, species associations were apparent in the shrub layer. These two
functional groups either respond to different environmental variables, or the
response of the community to disturbance is more rapid in the shrub layer. We
suggest that if the goal of management is to monitor and remediate plant com
munities, then research efforts should focus on surveying more ephemeral
groups, such as shrubs, or alternatively that studies be conducted over long peri
ods.
Of special concern for management are the aberrant positions in ordination
of hayfields and campgrounds. Disruption of natural species assemblages was
suggested in the ordination of the shrub layer. For instance, hayfields are posi
tioned at the extreme end of a gradient of increasingly sandy soils. The exotic
species that persist in hayfields are likely modifying soil properties and may
affect the successful reintroduction and reestablishment of native species.
Further, because sites designated for human use were clearly distinct from nat
ural species assemblages, the most desirable locations for campsites are low
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evaluation sites naturally low in species diversity.
The primary objective of this study was to identify and characterize plant
communities in the riparian zone of the Buffalo National River. Although the
gravel bar sites are distinct, the remaining plots form a continuum and fail to fall
within identifiable bounds. Therefore, it is difficult to recommend where the
boundaries of the riparian zone should be drawn since no clear zonation between
mid-, and upper elevation sites exists. The narrow strip of forest that meanders
with the river is surrounded by old field vegetation. Old fields are sources for
exotics, and serve as nurseries for invasive species. Restoration of these areas is
strongly recommended. Further, because the riparian zone represents an eco
cline, it is unlikely that communities can be clearly defined, nor that the bound
ary of the riparian zone can be drawn. Therefore, we also recommend that
preservation efforts be directed at the ecosystem/watershed level.
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NUTRIENT LOADS IN THE ILLINOIS RIVER,
ARKANSAS
Rod Williams and David Parker
Civil Engineering
and
H. Don Scott
Department of Agronomy
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Fayetteville, Arkansas
INTRODUCTION
The Illinois River basin in Arkansas has experienced water quality impair
ment from point and non-point sources for several years. The Arkansas Soil and
Water Conservation Commission helped finance a study in the basin with the fol
lowing goals:
Rank sub-basins in the Illinois River in Arkansas for pollution
potential
Develop a GIS database describing landuse, landcover and other
physical characteristics of the watershed
Development a model to predict the relative nutrient loadings in
the sub-basins

This paper will address the processes involved in the determination of nutrient
loads and development of a preliminary predictive model for estimating relative
nutrient loads in the watershed system as related to land use.
METHODS

In order to physically characterize the Illinois River watershed, a
Geographic Information System (GIS) database was developed. The watershed
was divided into 37 sub-basins. Each sub-basin was then characterized accord
ing to land use, terrain characteristics, soils, geology and other criteria.
Percentages of land use types and areal characteristics of the sub-basins could
then be used as independent variables in the developing predictive model.
At the same time the GIS database was being developed, seasonal base flow
water samples at all 37 sub-basins were collected. Information from the GIS
database was used to aid in the selection of eight representative sub-basins for
intensive storm event sampling. Criteria for selection of intensive basins includ-

55

ed selecting headwater basins with a predominance of single land use types and
no influence from point sources. The original concept of the study called for use
of data collected from the eight representative basins to estimate loads con
tributed from the remaining basins. The researchers decided to include limited
storm water sampling in all 37 basins. This additional data was used to more
accurately rank the pollution potential of the individual sub-basins and check the
validity of the model developed from data taken in the intensively sampled
basins.
Base flows/low flows were determined in all 37 basins through the use of a
current meter. Storm flows for the watershed and all sub-basins were estimated
using a combination of United States Geological Survey (USGS) stream flow
measurements and storm flow simulation programs. Three years of USGS stream
flow data from the Arkansas portion of the Illinois River watershed was analyzed
to determine a total annual flow for the watershed and the overall proportion of
base flow to storm flow for the watershed. The measured base flow values were
used to determine the individual sub-basin contributions to total annual base
flow. A 2-year, 24 hour storm was simulated using the U.S. Army Corps of
Engineers Flood Hydrograph Package, HEC-1. This simulation was used to esti
mate the relative contribution of storm flow from each basin. The proportions of
total annual storm flow contributed by the individual sub-basins were estimated
using the flow proportions generated by the HEC-1 simulation. Median base
flow concentrations of selected nutrients or other water quality parameters from
each sub-basin were multiplied by the total annual flow contribution from each
sub-basin to give an estimate of the total annual load of the nutrients contributed
by the sub-basins during base flow conditions. Median storm flow nutrient con
centrations were multiplied by the total storm flow contributions to determine
storm loadings from the individual basins. For purposes of inter-basin compar
isons the final units of sub-basin loads were reduced to kilograms per hectare year.
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DISCUSSION
The measured data, estimates and GIS data were then used to generate a pre
liminary model. Nutrient loads developed in the intensively sampled basins were
compared to the percentage of three predominant land uses; pasture/agricultural,
forest and urban. Multiple linear regression techniques were used to develop
predictive equations in the form:

Load - Co + C1U1 + C2U2.... CnUn
The above model states that the load, in kilograms per hectare-year, is equal to
some constant, C0 plus a series of land use coefficients, C1.. n multiplied by the
percentages of the various land use types, U1.. n. Coefficients were developed
for soluble phosphorous (PO4), total phosphorous (TP), nitrate (NO3), total
Kjeldahl nitrogen (TKN) and chloride (Cl). The equations were used to predict
loads in other headwater basins and the predictions were compared with actual
measured loads.
Figures 1 and 2 show the results of the regression and preliminary predictive
equations when comparing measured values of total phosphorous (medians) of
base flow loads and storm flow loads to values predicted by the equations in the
intensively sampled basins. The line in each graph represents the model. Figures
3 and 4 show the results of projections of total phosphorous loads indicated by
the predictive equations to other headwaters basins.

Figure 1. Base flow total phosphorous in the intensively sampled basins.
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Figure 2. Storm flow total phosphorous in the intensively sampled basins.

Figure 3. Base flow total phosphorous in headwater basins as predicted by the equations
developed in the intensively sampled basins.
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Figure 4. Storm flow total phosphorous in headwater basins as predicted by the equa
tions developed in the intensively sampled basins.

The predictive model for base flow total phosphorous loads tended to over esti
mate loads for other headwater basins as shown in Figure 3. This phenomena
can partially be explained by considering biological uptake of nutrients in larg
er basins with longer stream lengths. The loads under estimated by the storm
flow model for total phosphorous tended to be in the range of values greater than
any for the intensively sampled basins (Figures 2 and 4).
The preliminary coefficient values, as developed, show the need for refine
ment of the model. Non-linear relationships will be explored. Because the sys
tem is obviously very complex, the development of a set of predictive equations
using additional variables will also be helpful. Comparisons of the predicted val
ues to published data from similar watersheds and incorporating other, more
complex, modeling schemes should help determine realistic goals for modeling
in this watershed.
Application of additional variables and inclusion of data from all the head
water basins made a significant improvement in the predictive capabilities of
equations developed for a conservative constituent, chloride, and some improve
ment in the predictive capabilities for the non-conservative nutrients. Figure 5
shows the comparison of predicted storm flow total phosphorous to measured
median values in all headwater basins after the inclusion of headwater basin load
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values in the model. Figure 6 shows predicted values of total annual chloride,
(storm and base flow loads) compared to measured values, after including sub
basin area as an additional variable in the regression operations.
CONCLUSION
In conclusion, it appears that nutrient loads and other water quality parame
ters are strongly correlated with land use and physical characteristics of water
sheds and their sub-basins. In addition, predictive equations determined with a
combination of statistics and curve fitting can be easily applied to estimate loads
and/or concentrations of many water quality parameters in sub-basins with sim
ilar land use and physical characteristics. The reliability of estimates formulat
ed by the previously described methods are yet to be determined. The global
applicability of these models across major watersheds in various eco-regions has
not been investigated at this point. However, the potential savings possible when
using these methods to characterize a large watershed through use of computer
models, GIS databases and a limited sampling program as compared to basin
wide intensive sampling makes further study in this area appear worthwhile.

Figure 5. Storm flow total phosphorous as predicted after inclusion of all headwater
basins in the regression analysis.
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Figure 6. Total annual chloride loads as predicted by regression including basin area as
an additional variable.
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