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Problem Statement

Issues of non-point source pollution and suspended sediment are receiving attention nation-
wide as these factors degrade drinking water quality and impact already scarce water resources. For the
past several decades there has been a strong focus on streambank restoration as one solution to help
reduce erosion and sediment loads. The federally-funded Conservation Reserve Program has spent
millions on restoration of stream riparian habitats on agricultural properties, but with mixed success.
The Chesapeake Bay Program has recently been criticized for lacking tangible evidence of sediment
reduction despite its efforts to restore thousands of miles of streamsides throughout its watershed
(http://www.chesapeakebay.net/newsassessment041807.htm). These findings highlight the need for
an improved understanding of the mechanistic processes that control sediment movement out of
watersheds and through stream channel systems.

Land use patterns play a major role in the drainage system and control the rate and amounts of
water and materials that runoff to the streams. Clearing of vegetation, compacted soils, and decreases
in organic matter content all reduce the landscape's capacity for rainfall infiltration and increase surface
runoff. Most recently, impervious surfaces have been recognized as major contributors to stormwater
runoff (Allan 2004; Brabec et al. 2002; Arnold and Gibbons 1996). Although limited in number, studies
relating impervious cover to stream health consistently show that having only ~10-15 % of a watershed
covered by impervious surface results in an increase in the magnitude and frequency of floods (Meyer et
al. 2004, 2005; Miltner et al. 2004; Booth1998), a reduction in base flow (Rose 2002; Schueler 1994),
degraded aquatic habitat (Hatt et al. 2004; Wang et al. 2003; Wang and Kanehl 2003), and decreases in
biodiversity (Helms et al. 2005; King et al. 2005; Fitzpatrick et al. 2004). A few of these studies suggest
that it is the connected impervious surface that seems to be the critical factor (Jones et al. 2000; Forman
and Alexander 1998). In response to these studies, EPA implemented Phase Il of its Stormwater
Regulations in 2003 as an effort to reduce nonpoint source runoff emanating from small towns nation-
wide.

Much of the research on stream erosion and geomorphic processes has focused within the
stream channel itself. Beginning with early work in the 1960's, Wolman and colleagues identified
effective discharge as the key to channel formation, and specifically the importance of bankfull flows
that reoccur approximately once per two years (Emmet and Wolman, 2001, Wolman and Miller, 1960).
Channel geometry and morphology result from the sediment transport process, which in turn is driven



in part by topographic slope and geology (Church 2006). In many systems, sediment erosion is derived
primarily from stream channel banks (Trimble 1997). Schumm laid out the framework for critical
thresholds in geomorphology, above which sediment movement and channel reformation are initiated
(Schumm 1979) and Larsen and co-workers (2006) demonstrated that lateral stream migration was
associated with stream power above critical threshold values. Although historically stream
geomorphology has been considered as a uni-directional process, in that flow and energy determine
plant community composition, this perspective has shifted as research is demonstrating that riparian
vegetation provides a strong counter-acting influence on erosion, increasing stabilization and controlling
channel formation in both single channel and multi-channel systems (Simon and Collison 2004; Tal et al.
2004; Gran and Paola 2001).

Within this framework, the influence of the network of roadside ditches has been almost totally
overlooked. Ditches are the artificially created depressions that parallel both sides of most roadways
and have been used for almost a century as the primary tool for draining road surfaces during storms.
Ditches are constructed and maintained annually by local highway department staff, who are usually left
out of stakeholder discussions concerning water resource management, water quality, and stream
health. Research has considered agricultural drainage systems (Dukes and Evans 2006; Bouldin et al
2004) as contributors to water quality degradation and the impact of logging roads has similarly been
evaluated (Wemple et al. 1996). Impacts of roads have been considered in the context of landscape
fragmentation, invasives and other ecological impacts (Foreman and Alexander 1998). However
surprisingly, the specific contribution of roadside ditches to stream geomorphic processes has thus far
been overlooked. This project will investigate, for the first time, the role of roadside ditches as drivers
of in-stream bank erosion, increased sediment loading, and degraded water quality.

For the past several years, | have been leading a team in an integrated research and extension
project documenting the impacts of roadside ditches. The results of this research indicate that roadside
ditches significantly alter the natural drainage networks and hydrologic processes within watersheds in
multiple ways:

o roadside ditches increased the effective stream channel density by two fold or greater (ex. Enfield
Creek, Tompkins Co. - 140 km ditches; 70% connected to streams, stream channel density increased
from 1.6 to 4.2 km™);

o the majority of the roadside ditches in these rural watersheds discharge directly into headwaters,
e.g. 1st and 2nd order or ephemeral streams;

o significant quantities of gravel, cobble, and other bedload (e.g. avg ~ 0.1 - 2 kg/ditch-storm with
maximum of 4 m® during a 10 cm rainfall event) are deposited as deltas along the stream channel at
ditch outfalls;

o ditches intercepted~20% of the shallow runoff from the entire Doolittle Cr. watershed (Tioga Co.)
surface, and rapidly shunted it farther downstream where it was discharged as a series of high
velocity, point sources, like faucets, into the stream flow;

o ditches scraped and left exposed, or which become incised by high water velocities, were a major
source of suspended sediment and dissolved chemicals to the downstream waters (avg. TSS
concentration 2-5 mg/I, maximum 35 mg/I),

o ditch contributions of runoff lead to an increase in peak stream stormwater flows and decreased
baseflows;

o ditches are a rapid conduit and reservoir of E.coli and other pathogens from manure spread on fields
to downstream public water supplies.



Research Hypotheses and Objectives:

As of result of our work thus far, we hypothesize that chronic ditch outflows are additionally playing a
major, but unrecognized role, in the restructuring of stream channel systems, causing them to be in
dynamic disequilibrium and leading to erosion, sediment movement, and degraded water quality
throughout NY and the Northeast. Specifically, we hypothesize that the deltas formed of ditch bedload
and deposited at non-natural locations in the stream cause the rerouting of stream flow with associated
erosion of the opposite streambank, and simultaneously, point outflows from ditches have high
velocities and discharges during storms (e.g. faucets) that initiate a process of erosion and deposition in
the stream associated with the ditch outfall. The combined influence of both ditch deltas and faucets
leads to subsequent downstream re - equilibration of the stream channel, with sediment deposition and
scouring cycles that alter the longitudinal sinuosity and channel bed configuration from their natural
patterns. Our overall goals were to test these hypotheses and investigate the influence of roadside
ditches on stream erosion processes

Study Sites

The study was conducted in the Doolittle Creek watershed located near Candor, NY in Central
New York. The watershed is one of the headwaters to the greater Susquehanna River basin and
therefore contributes to environmental conditions in the downstream system. The Doolittle Creek
Watershed spans roughly 40 km? and overall land use is approximately 50% forested, 40% pasture and
cropland, and 10% residential. The area receives, on average, roughly 980 mm of precipitation annually
and the annual temperature ranges from 0.5°C to 14°C (Northeast Regional Climate Center). Stream
sites were chosen based on a map of ditch-stream interfaces within the Doolittle Creek watershed
located during our previous studies.

Methods

In order to evaluate the effects of the ditches on the streams, the approach used was to
compare the geomorphological features of a 30 m reach above the stream-ditch interface with a 30 m
reach below the interface at six different stream sites (Figure 1). All were 1** order streams, with no
other ditch contributions up-stream. The 30 m length was selected as being of sufficient length to
capture at least one complete S-wave in the stream’s longitudinal sinuosity and each study reach was
located approximately 20 m above and below the stream-ditch interface. Four different aspects of in-
stream geomorphology were recorded for field measurements at each reach: cross-sectional profile,
longitudinal profile, grain size analysis, and bank scour. The cross-sectional profile and grain size analysis
were also conducted at the stream-ditch interface. The longitudinal and cross sectional profiles were
surveyed using surveyor’s equipment that included a transit, tripod, compass, meter tape, and stadia
rod.

Cross-sectional profiles were captured by recording the elevation changes along six transects,
perpendicular to the direction of streamflow. Transects were specifically located to intercept three pools
and three riffles, alternating between types, from endpoint to endpoint of the 30 m reach. For each
cross-section, at least 14 points were recorded to capture the shape of the stream. The left and right
bankfull edges were recorded for each profile, bankfull left always located at the two m mark along the
transect. If possible, each transect extended at least two meters into the floodplain on both banks.
Several in-stream points of geomorphic relevance were recorded and are described as follows: (a) the
wetted edges, or where the water perimeter, if flowing, was located along each bank; (b) the midpoint
of the stream defined as the midpoint between the bankfull points; (c) three channel measurements to



the left and right of the midpoint; (d) and the thalweg. Additional points were recorded where
significant changes in the slope of the streambed occurred.

The cross-sectional profile data were summarized into three analyses: average width and depth,
and bankfull flow. The measured stream bankfull widths were calculated by taking the difference
between the two determined bankfull points from the cross-sectional profiles. Stream depth was
calculated by subtracting the average of the bankfull depths from the thalweg depth. Both width and
depth data were summarized based on their location up and downstream and whether the profile was a
pool or riffle. Using an idealized triangular channel model of the streams, bankfull flow was calculated
according to Manning’s equation. The cross-sectional area, A, was determined from the area of a
triangle with the base and height value being the width and depth of the streams, respectively.
Hydraulic radius was calculated from the triangular area and the wetted perimeter of the recorded data
points. Channel slope was calculated by taking the average change in depth between each cross-
sectional profile. The same roughness coefficient was used for the up and downstream bankfull flow
calculations. A T-test analysis was used to compare upstream vs downstream reaches for each
parameter.

The grain size analysis was conducted following the “step-toe method” described in the USDA
Stream Channel Reference Sites (1994). The method was slightly modified by counting an average 115
grains at multiple transects located randomly within each stream reach. At each transect a grain was
measured along its intermediate length axis at 10 cm intervals from bankfull right to left. The larger
grains were measured with a ruler and the smaller grains with a digital caliper. Sediment grains smaller
than 1 mm were not measured but were recorded as “silt/clay”.

In order to summarize the grain size analysis data, the counted pebbles were tallied per size
class and their percent total of the counted pebbles was determined. Using the percent total values, the
average grain size distribution for the upstream reaches, downstream reaches, and all ditch-stream
interfaces were graphed and compared statistically using Chi-Squared Analyses.

Stream bank scour was measured by recording the total length of scour (in meters) on each
bank based on a 1-4 ordinal ranking system: 1-no scour, 2-light scour with vegetation, 3-steep cut bank
with remaining vegetation, 4- steep cut bank with no vegetation. Cumulative scour per category from
both left and right banks within each reach were summarized. Along the stream banks, the length of
each segment of scour was recorded.

In order to capture the longitudinal profile, the angle, elevation, and distance from the transit
to the thalweg of the stream were recorded. The thalweg is the deepest channel in the stream,
generated by the fastest flow. Before surveying, the thalweg was mapped with flags to pre-determine
the points to record. Each flag was placed roughly 1-2 m apart depending on how frequently the thalweg
changed direction and at <1 m intervals if an abrupt change in thalweg direction was observed. The
thalweg was then surveyed based on the flagged points. The angles recorded were relative to true
north. Survey measurements were made to the nearest 0.001 m.

The longitudinal profile data were evaluated by converting the distance and angles recorded
into Cartesian coordinates. Using the X and Y values, the distances between the points were calculated
and summed to find the in-stream length. To calculate the sinuosity for the six streams, the in-stream
length was then divided by the 30 m standardized distance. (The downstream reach of Stream 6 was
only 22 m long and so the sinuosity was calculated using that length.) Wavelength and amplitude of



each reach were also calculated. A T-test analysis, using Excel Data Analysis tool, was used to evaluate
differences between the upstream and downstream reaches on each parameter.

Upstream —*

<— Ditch

Flows
direction

Downstream —>

Fig.1 Schematic of sampling design used to evaluate ditch impacts by comparing reaches
upstream and downstream of the ditch confluence.

Principle Findings and Significance
Cross-sectional Channel Profiles

Both the average width (Fig. 2) and the average depth (Fig. 3) exhibited a borderline significant
trend (n =5, Py =0.11, Py = 0.16) of increasing width and depth in the downstream as compared to the
upstream segments. The downstream reach of Stream 5 was not measurable because the channel was
only 10 m long before opening up into a marshland. Of the six streams studied, Stream 6 is the only
system which decreased in width and depth because the downstream channel is disconnected from the
upstream by two ditches which diverted water to the nearby property’s man-made pond. Although the
change in width:depth ratio (W/D) was statistically non-significant (n = 5, Py,p = 0.37), the W/D of
Streams 1, 2, and 6 decrease suggesting incision of the stream channel. In contrast, W/D of Streams 3
and 4 increase suggesting broadening of the stream channel.
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Modeled Bankfull Flow

The modeled bankfull flow (Fig. 5) exhibited a consistent but non-significant (n =5, P = 0.18)
increase in the downstream as compared to the upstream reaches. Stream 6 demonstrated a decrease
in flow downstream resulting from the reduction of stream size and the diversion to the neighboring
pond. Average channel slope (Fig. 6) exhibited a consistent but non-significant (n = 6, Pgjope = 0.32)
decrease in the downstream.
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Figure 6. Average Channel Slope
Grain Size Analysis

Chi-squared analysis of the average grain size distribution patterns in the upstream versus
downstream reaches identified a significant (n = 6, P, < 0.05) shift in the 16-64mm grain sizes. Average
grain size distribution (Fig. 7, 8) indicates that the majority of the grain sizes are £ 2mm and 32-256mm
in the upstream reaches whereas it is < 2mm and 16-64mm in the downstream. That is, there is a
downward shift towards smaller grain sizes in the downstream reaches. The grain sizes of the deltas
formed at the ditch-stream interface are predominantly £ 2mm and 32-64mm, comparable to that of
the grain sizes in the downstream reach.
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Bank Scour Distribution

The Chi-Squared (X% analysis reveals a significant (n = 6, df = 3, Ps.oy < 0.05) deviation from the
upstream scour profile such that there is greater proportion of steep cut and bare bank scour (category
4) types in the downstream reaches (Fig. 9). The intermediate scour types occur less in the downstream
reaches.



Average Scour Distribution

60

50

40

30 r _ = m Upstream

%Scour

0O Downstream

20 +

10 +

Scour Category

Figure 9. Average Percent Scour

Longitudinal Profile Characteristics

Wavelength and amplitude (Fig. 10, 11) exhibit a consistent increasing trend in the downstream
reaches (although non-significant; n = 6, Py = .09, P, = 0.11). Average sinuosity exhibited no consistent
pattern between upstream and downstream reaches (Fig. 12, n = 6, Ps;, = 0.33). The observed increase
in sinuosity in Stream 6 may be the result of the alteration to the headwaters of the man made pond.

Average Wavelength

160
140 |
120 |
100 |
80 |
60 |
40 T
20 |

m Upstream
OO0 Downstream

Wavelength

1 2 3 4 5 6

Stream Number

Figure 10. Average Wavelength



Average Amplitude
70
60 -
50 -
g 40 - m Upstream
g- 30 T O Downstream
20 - _
10
0 [ i‘l
1 2 3 4 5 6
Stream Number
Figure 11. Average Amplitude
Stream Sinuosity
1.5
1.4
1.3
1.2
1.1
1 . —
0.9 - |
2 08 | L
g 0.7 || | m Sinuosity Up
@ 82 ] [~ | | O Sinuosity Down
0.4 - -
0.3 - -
0.2 - -
0.1 - -
0 - ; ;
1 2 3 4 5 6
Stream Number
Figure 12. Average Stream Sinuosity
Conclusions

Overall, this project provides the first, preliminary evidence reported that roadside ditches are
influencing geomorphological processes in headwater streams in a central NY watershed. The sample
size of streams examined was small, six in total but only 5 for certain variables. Nonetheless, we
documented a weakly significant increase in overall amplitude, as well as a consistent trend of
increasing cross-sectional width and wavelength in the downstream as compared with the upstream
reaches. Such changes in stream cross-sectional and longitudinal profiles result logically from a physical
process whereby ditches intercept and contribute greater volumes of water to the stream at a given
point than would be there by natural runoff processes. The comparison of modeled bankfull flows
supports this interpretation.

This study also documented a decrease in the average grain size distribution of the substrate in
the downstream reaches. The altered grain size pattern is similar to that of the grain sizes found in the
deltas formed at the ditch outfalls. This material is transported as bedload, and sometimes in
suspension, from the ditches during storms, and deposited as a delta within the stream. Our previous
study documented that the bedload in ditches is made up in large part of the gravel placed along the
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road shoulders as part of road management and which is routinely re-applied as the gravel disappears
into the ditch (Dias-Robles, 2007). However, these changes in sediment texture are likely to impact
aquatic insects and other biological components of the stream ecology.

Finally, we documented a significant increase in the extent of streambank scour and exposed
soil in the reach downstream of the ditch —stream interface. This exposed bank can be a source of
erosion and sediment transport during storms and thereby contributes to degraded water quality
downstream.

This study represents our first efforts to document ditch impacts on stream geomorphology. The
results will form the basis of a grant proposal to allow a more comprehensive examination, i.e. to
include a greater number of stream reaches, to evaluate impacts farther downstream from the ditch-
stream interface, and to include quantitative data on ditch “watersheds” and discharge.

Student Support

Two undergraduate students, J. Kimchi and H. Knowlton, conducted much of the field work and data
summarization for this project. J.Kimchi used the project as the basis for his honor’s thesis in Cornell’s
Dept. of the Science of Natural Earth Systems.

Presentations

Kimchi, J., R. Schneider, and H. Knowlton. Dec. 2009. Dept. of Natural Resources — Annual
Undergraduate Symposium, Cornell, Ithaca, NY

Kimchi, J. and R. Schneider. May 2010. Dept. of Natural Resources — Annual Honor’s Symposium.,
Cornell, Ithaca, NY

Associated Opportunities or Collaborations

The findings from this research have been presented as part of a more comprehensive roadside ditch
outreach program to the NYS Dept. of Transporation’s statewide drainage committee.
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INTRODUCTION

Quantifying nitrate leaching from fertilizer practices of turfgrass lawns is essential to keep
concentrations in groundwater below the U.S. Environmental Protection Agency drinking water
standard of 10 mg/L especially in areas served by septic tanks (Baier and Rykbost, 1976; Porter,
1980; Flipse and Bonner, 1985; Flipse et al., 1984; Kimmel, 1984). Concentrations of N-NO?® in
soil water leachate are commonly less than 5 mg/L beneath fertilized turf (Petrovic, 1990),
however, under certain conditions, concentrations can reach 40 mg/L (Frank et al., 2006;
Guillard and Kopp, 2004). Recently established plots of mixed grass species, for example, might
leach ten times more nitrate than did areas planted with homogenous grass (Erickson et al.,
2001). On Long Island, NY the potential for nitrate leaching to the groundwater is particularly
high due to the sandy soils and the large volume of infiltration from rain and irrigation
sprinklers. Twenty-five percent of the land has been classified as turfgrass (Koppelman, 1978)
the Suffolk County Water Authority estimates that 73 billion liters annually (30%) of the annual
water consumption in Suffolk County is used for irrigation. In addition, about half of the 112.2
cm of precipitation received each year infiltrates to the groundwater (Busciolano, 2004).

“More studies are needed to determine the fate and transport of N-NO? applied to turf in urban or
suburban settings” (Guillard and Koop (2004) including multiyear investigation of slow-release,
nitrogen fertilizers and for more leaching studies using different sources of nitrogen (Petrovic,
1993). Such long-term monitoring studies can define the interannual variability. Investigations
elsewhere are, of course, useful but regional conditions and practices need to be examined to
determine the impact to groundwater reserves (Petrovic, 1990).

PREVIOUS WORK

Porter (1978;1980), conducted a field survey to evaluate the impact of lawn fertilizer to
groundwater in urban areas of Nassau and Suffolk County, NY. The sites received ammonium
nitrate-nitrogen fertilizer, a fertilizer no longer commonly used because of environmental
concerns and a preference for slow-release forms of nitrogen. Just below the root zone,
concentrations as high as 32.5 mg/L were found. From such data, Porter (1978) calculated that
fertilizers applied to recreational lawns are estimated to contribute between 29-35% of the
nitrogen load to Long Island aquifers.
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In 2001, studies were begun on Long Island to measure nitrate concentrations beneath urban
lawns that are fertilized with either organic or chemical fertilizers (Schuchman 2001, Munster
2008). Samples were also taken below unfertilized turf and in a forest setting. Soil water nitrate
concentrations were collected below the turfgrass root zone from ceramic suction lysimeters at
depths of 60 cm, 80 cm, 100 cm and either 120 or 150 cm. Sites were chosen to represent a
diverse range of conditions across Suffolk County. Site conditions and fertilizer treatments
varied indicative of natural conditions because homeowners and landscapers will not always
fertilize in the same way from year to year. By 2003, measurements were being made beneath
eight turfgrass sites. Higher average N-NO?® concentrations measured under the plots treated with
chemical fertilizer (14 + 3 mg/L) than the plots treated with organic fertilizer (6.2 = 1.1) perhaps
due to excess applications of chemical fertilizer (Munster, 2008).

METHODS

Observations were made at three of the original eight sites in 2007. These were Oakdale (an
organically fertilized site at 40 44’ 54.40”N; 73 08' 16.67"W and chemically fertilized site at 40 °
44'53.92"N; 73° 08' 10.35"W); Hauppauge (40° 48' 27.74"N; 73° 15' 06.38"W) and Huntington
(40°52' 08.95"N; 73° 25 '03.77"W). The instrumentation at Huntington was lost at the end of
2008, but measurements were continued monthly at the other two sites through 2009. The
Huntington organically fertilized site was 280 m? directly adjacent to the chemically fertilized
site which is 330 m?. The Oakdale organically fertilized site was in a 510 m? lawn surrounded
by a parking lot and roads. The Oakdale chemically fertilized site and an additional organically
fertilized site were about 30 meters away. The chemically fertilized site is rectangular, 665 m?,
and directly adjacent to the organic site which is 225 m?. The Hauppauge organically fertilized
site was 215 m? and separated by a few large trees from the chemically fertilized site which
covered 250 m?.

Turfgrass at the study sites were typical of the region, such as, the Dura-Sod blend of Fescue and
Bluegrass at one site as recommend by the manufacture for the Long Island area (Schuchman,
2001). Turfgrass may be intermixed with naturally occurring clovers, crabgrass, moss and other
weeds. Soil type was classified according to the mapped units (Warner, 1975) and particle size
was previously determined (Munster et al., 2006). The organic fertilizers were composed of
natural sulfate of potash, phosphate rock, colloidal phosphate, oyster meal, kelpmeal, greensand,
vegetable and animal protein meals, natural nitrate of soda, compost, and dried whey. Manure
was not used.

Both sites were watered with an automatic sprinkler system twice per week providing infiltration
between 3.8 and 5.1 cm per week (www.scwa.com, Oral communication Michael DeBlasi,
SCWA, August 2004). The sites are mowed between April and November and the clippings are
not removed. Soil water samples from lysimeters were taken monthly, filtered in the field, stored
in acid-rinsed polypropylene bottles and, once in the laboratory, frozen (-10°C) until analyzed.
On average 250 mL were collected but sample volume ranged from 5 to 450 mL. Concentrations
of N-NO?, NH* and N-NO? were analyzed at the School of Marine and Atmospheric Sciences at
Stony Brook University on a Lachat’s QuickChem8500 Flow Injection Analysis System using
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Lachat’s Method 10-107-04-1-J. Five to ten milliliters of sample are needed for analysis. These
analyses have an uncertainty of 5% determined by anonymous standards and duplicate analysis.
Detection limits were 0.1 mg/L for all ions. Nitrite and ammonium were rarely detected in the
soil water samples.

RESULTS

Table 1 Summary of soil water N-NO3 concentrations at 100 cm and for bulk precipitation.

Year n Avg. StD Max.
Chemical

Combined 176 9.7 12 76
2003 23 3.1 2.3 7.6
2004 23 9.9 6.7 26
2005 32 7.7 7.1 27
2006 47 12.3 14.4 76
2007 14 27.2 29.1 123.0
2008 18 23.0 19.0 81.2
2009 19 11.9 8.5 32.9

Organic

Combined 279 6.5 8.1 45.3
2003 53 4.8 6.0 33.3
2004 53 3.6 3.9 24.8
2005 47 6.3 6.8 315
2006 50 114 11.8 45.3
2007 23 8.0 125 66.1
2008 27 3.0 2.9 17.3
2009 26 5.7 9.0 57.3

Precipitation

2005-
2009 26 5.7 9.0 13.1

Unfertilized turf
Combined 68 1.29 1.3 5.58

2003 9 2.44 1.58 4.74

2004 12 1.2 1.09 3.98

2005 22 0.83 0.63 241

2006 23 1.17 1.46 5.58
Forest
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Combined 26 0.4 1.01 3.9
2005 10 0.11 0.08 0.26
2006 9 0.07 0.05 0.14

The data is tabulated in Table 1. Monthly nitrogen as nitrate concentrations in soil water
collected at 100 cm varies throughout the study period, but both the concentrations and
variability were similar to that seen at these sites between 2001 and 2006 (Figure 1a and 1b).
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Figure 1a. Time series of nitrate concentrations in soil-water 100 cm below chemically fertilized
turf.
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Figure 1b. Time series of nitrate concentrations in soil-water 100 cm below organically
fertilized turf.

Highest concentrations were seen over the winter months (Figure 2) except in the winter of
2008-2009, when fertilization in the fall (October) was not done. The organically fertilized site
at Oakdale consistently showed lower concentration than that at Hauppauge. The Oakdale site
had been more recently disturbed and it may be the turf there was still in the process of
maturation.

There is a difference in soil-water N-NO® concentrations at 100 cm, on average, between
different fertilizer treatments however, there is also variability between sites that receive the
same type of fertilizer. This variability could be due to variable moisture and temperature
differences from year to year, although concentrations at a given site do not vary much between
years or to difference in soil and hydrologic properties (Munster et. al., 2006).

The sites treated with chemical fertilizer leach, on average, more nitrate than the sites treated
with organic fertilizer (Figure 3). This difference may be due to differences in site properties
and not a function of fertilizer treatment, as average soil water N-NO® concentrations vary
between sites, even between sites treated with the same type of fertilizer.
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Figure 2. Average monthly N-NO?® values of soil water collected at 100 cm from the combined
years 2003-2009. Bulk precipitation collected from January 2005 to December 2009. Error bars
are standard error of the mean. The regulated drinking water standard is 10 mg/L.

Higher soil water average N-NO?® concentrations under the sites treated with chemical fertilizer
than those treated with organic fertilizer could be due to higher rates of applied nitrogen at the
sites treated with chemical fertilizer, although there is no direct relationship between yearly
application rate and average concentrations. Even when soil and hydrologic properties are
relatively constant sites fertilized with organic fertilizer can leach similar concentrations of
nitrate as chemical sites even though inputs of nitrogen are less at the organic sites.
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Figure 3. Box plot of soil-water N-NO? concentrations at 100 cm for each study plot for the
years 2003-2009

CONCLUSIONS

On average, concentrations of soil water N-NO? collected at 100 cm beneath lawns treated with
chemical fertilizer was higher than soil water collected beneath lawns treated with organic
fertilizer or no fertilizer. Water collected beneath lawns treated with organic fertilizer were
routinely found to be above the EPA drinking water standard of 10 mg/L even though these sites
received less than a third the amount of nitrogen as the lawns treated with chemical fertilizer.
However, the likelihood of concentrations of soil-water at one meter to exceed 10 ppm was
lower for sites treated with organic fertilizer than it is for sites treated with chemical fertilizer,
but the use of organic fertilizer alone does not guarantee lower nitrate concentrations or that the
use of turfgrass fertilization alone may not raise groundwater concentrations above the drinking
water standard for nitrate.

Page: 7



REFERENCES CITED

Baier, J.H., and Rykbost, K.A., 1976, The contribution of fertilizer to the ground water of Long
Island: Ground Water, v. 14, p. 439-448.

Busciolano, R., 2004, Statistical analysis of long-term hydrologic records for selection of
drought-monitoring sites on Long Island, New York, U.S.: Geological Survey Scientific
Investigations Report 2004-5152.

Erickson, J.E., Cisar, J.L., Volin, J.C., and Snyder, G.H., 2001, Comparing nitrogen runoff and
leaching between newly established St. Augustine grass turf and an alternative residential
landscape: Crop Sci., v. 41, p. 1889-1895.

Flipse, W.J., and Bonner, F.T., 1985, Nitrogen-Isotope Ratios of Nitrate in Ground-Water under
Fertilized Fields, Long-Island, New-York: Ground Water, v. 23, p. 59-67.

Flipse, W.J., Katz, B.G., Lindner, J.B., and Markel, R., 1984, Sources of Nitrate in Groundwater
in a Sewered Housing Development, Central Long Island, New-York: Ground Water, v. 22, p.
418-426.

Frank, K.W., O'Reilly, K.M., Crum, J.R., and Calhoun, R.N., 2006, The fate of nitrogen applied
to a mature Kentucky bluegrass turf: Crop Sci., v. 46, p. 209-215.

Guillard, K., and Kopp, K.L., 2004, Nitrogen fertilizer form and associated nitrate
leaching from cool-season lawn turf: Journal of Environmental Quality, v. 33, p. 1822-1827.

Kimmel, G.E., 1984, Nonpoint contamination of groundwater on Long Island, New York,, in
Bredehoeft, J.D., ed., Groundwater contamination; Studies in geophysics,, National Academic
Press, p. 120-126.

Koppelman, L., 1978, The Long Island comprehensive waste treatment management
Plan: Long Island Regional Planning Board, Hauppauge, 345 pp.

Munster, J., 2004, Evaluating nitrate sources in Suffolk County groundwater, Long
Island, New York: Masters Thesis, Stony Brook University, Stony Brook, NY, 88 pp.

Munster, J., 2008, Nonpoint sources of nitrate and perchlorate in urban land use to groundwater,
Suffolk County, NY. Ph.D. Dissertation. Stony Brook University, Stony Brook, NY, 124pp.

Munster, J., Hanson, G.N., Petrovic, A.M., and Bokuniewicz, H., 2006, Evaluating nitrate
leaching between diverse turfgrass sites: Northeastern Geology and Environmental Sciences, v.
28, p. 368-377.

Petrovic, A.M., 1990, The fate of nitrogenous fertilizers applied to turfgrass: Journal of
Environmental Quality, v. 19, p. 1-14.

Page: 8



Petrovic, A.M., 1993, Leaching; current status of research: International Turf Society
Research Journal, v. 7, p. 139-147.

Porter, K.S., 1978, Nitrogen on Long Island, sources and fate: Long Island Pollution
Study, Cornell University/Cooperative Extension Service, p. 187-221.

Porter, 1980, An evaluation of sources of nitrogen as causes of ground-water
contamination in Nassau County, Long Island: Ground Water, v. 18, p. 617-623.

Schuchman, P., 2001, The Fate of Nitrogenous Fertilizer Applied to differing Turfgrass Systems.
Masters thesis, Stony Brook University, Stony Brook, NY.

Starr, J.L., and Deroo, H.C., 1981, The Fate of Nitrogen-Fertilizer Applied to Turfgrass: Crop
Sci., v. 21, p. 531-536.

Warner, J.W., 1975, Soil survey of Suffolk County, New York, United States Department of

Agricultural, Soil Conservation Service, in cooperation with Cornell Agricultural Experiment
Station.

Page: 9



Information Transfer Program Introduction

Information Transfer Program Introduction

The Director and staff of the NYS Water Resources Institute undertake multiple public service and
partnership activities. Most are conducted through multidisciplinary projects funded outside the Water
Resources Research Act (WRRA) context. In order to couple WRRA activities to other NYS WRI activities, a
portion of WRRA resources are devoted to information transfer through a partnership program with the
Hudson River Estuary Program, dissemination of information related to emerging issues, and student training.

Information Transfer Program Introduction



Director's Office Information Transfer

Director's Office Information Transfer

Basic Information

Title:

Director's Office Information Transfer

Project Number:

2009NY132B

Start Date:

3/1/2009

End Date:

2/28/2010

Funding Source:

104B

Congressional District:

22

Research Category:

Not Applicable

Focus Category:

Climatological Processes, Education, None

Descriptors:

Principal Investigators:

Susan Riha, Andrew James McDonald, Stephen Shaw

Publications

There are no publications.

Director's Office Information Transfer




Hudson River Estuary Program Partnership

Funded by the NYS Department of Environmental Conservation (DEC), the program is guided by 12 goals
as part of its Action Plan formed in 1996. These goals address signature fisheries, river and shoreline
habitats, plants and animals, streams and tributaries in the entire watershed, landscape and scenery,
public access, education, waterfront revitalization, water quality, and partnerships and progress. WRI
and DEC work together to protect this rich estuary ecosystem that is a source of municipal drinking
water, spawning grounds for migratory fish, habitat for bald eagles, and an excellent recreation area for
boaters, anglers and swimmers.

Emerging Issues

Marcellus Shale: The NYS WRI director and staff continued to act as an objective information source in
the contentious debate over the impacts of Marcellus Shale drilling in New York State. Some of this
educational transfer was informal. WRI maintained a website with information on drilling and links to
other credible sources. The WRI director as fielded numerous phone class and information requests
from the media, public officials, and other interest groups. The director was also appointed as chair of a
committee to review guidelines for development of shale gas on Cornell University land holdings.

The NYS WRI also undertook several more formal information transfer activities. WRI provided detailed
written comments on the Supplementary Generic Environmental Impact Statement on Shale Gas
Drilling, coordinating input from Cornell faculty. These comments were also made available to the public
in the WRI website. The WRI director (Susan Riha) provided a briefing to congressional staffers on the
topic in Washington, DC in February of 2010 as well as providing testimony to the New York State Senate
Committee on the Environment in Albany, NY in October of 2009. WRI staff provided a seminar on water
resource impacts of drilling at an information session for Cornell Cooperative Extension Agents in
October 2009.

Climate Change Adaptation: An accurate understanding of regional changes in water resources due to
climate change requires the synthesis of local climatology with knowledge of water infrastructure, water
demands, and waterbody characteristics. Staff from the NYS WRI have been working in conjunction
with climatologists in the Earth and Atmospheric Sciences Department at Cornell to merge climatological
and water resource knowledge of New York State. This information is being used to shape an
assessment of vulnerabilities of water resources in the state and possible adaptations to minimize
adverse impacts. Such information is intended to be actionable in nature and to provide tangible
suggestions for ways different entities (local government, state government, business) can adapt to
climate change.

A summary of the work is currently posted in the WRI website. Preliminary findings were presented in
October 2009 at the NYSERDA Environmental Monitoring, Evaluation, and Protection Conference,
Albany Marriot, Albany, NY. Staff from the NYS WRI WRI has held meetings with the City of Ithaca and



Cornell Water plant staff to share relevant findings. Additionally, a formal report on the assessment’s
findings will be submitted to NYSERDA in May of 2010.

Student Public Service Activities

Students and interns are supported in several ways through WRI:

e Competitive Grants Program — in many cases, grants provide for at least one graduate or
undergraduate student to work under faculty supervision on priority problems in

New York State;

¢ Hudson River Estuary Program — internships are sought through the Student

Conservation Association each year for at least one graduate, undergraduate or

high school student to work with WRI staff.

¢ Direct support of student research — WRI staff also directly support undergraduate research by acting
as mentors to undergraduates doing research as part of independent study projects. This year, WRI had
two students working in projects, one related to Marcellus Shale and another related to climate change
impacts on reservoir turbidity levels.



USGS Summer Intern Program

Basic Information

Start Date:|{9/1/2009
End Date:|8/31/2010
Sponsor:[USGS - NYS Water Center, Ithaca, NY
Mentors: |[Edward F. Bugliosi

Students:|Amy Risen
Internship Evaluation

Question Score

Utilization of your knowledge and experience |Very Good

Technical interaction with USGS scientists Very Good

Treatment by USGS as member of a team Very Good
Exposure and access to scientific equipment [Very Good
Learning Experience Very Good
Travel About Right
Field Experience Provided About Right
Overall Rating A+

Additional Remarks

I have found the people in the Ithaca office to be a very nice team to work with. Dave Eckhardt and Jim
Reddy have been great mentors for our work on the 305b groundwater monitoring program. I also appreciate
the opportunity that this has offered me and my advisor - Dr. Anthony Hay - to work with USGS scientists in
the Troy office. We are collaborating with Pat Phillips in studies on the degradation of pharmaceuticals from
waste water treatment plants and their occurence in the Hudson River watershed. Other scientists in the Troy
office (Gary Wall, Dan Edwards, and John Bryce) have provided exceptional support for sample collection,
processing, and experimental design. Thank you for this opportunity and support.

USGS Summer Intern Program



Student Support

Category Section 104 Base | Section 104 NCGP NIWR-US.GS Supplemental Total
Grant Award Internship Awards
Undergraduate 4 0 0 0 4
Masters 1 0 0 0 1
Ph.D. 2 0 1 0 3
Post-Doc. 1 0 0 0 1
Total 8 0 1 0 9
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Notable Awards and Achievements
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