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Figure 6. Classifications of water quality with respect to total phosphorous concentration in the Upper Delaware River
(UPDE) tributary basins, water years 2006 and 2007. (Concentrations are median values at each monitoring location;
classification ranges are those suggested by Smith and others, 2006; mg/L, milligrams per liter).



of the seasonal stream surveys, from successive years, trends
in the quality of the water in the whole population of streams
over time can be identified from shifts in the curve’s shape
and location. Similarly, seasonal shifts can be identified

by comparing plots from different seasons. If cumulative
curves from different time periods are compared, improving
water-quality conditions with respect to constituents such as
nutrients would be indicated by a shift to the left over time,
whereas a shift to the right would represent degradation of
water quality. This convention is reversed for pH and ANC,
where a shift of the curve to the right, representing an increase
in pH or ANC, would be considered an improvement in
water quality.

Three types of cumulative curves were created to
describe the existing water-quality conditions in the UPDE:
regional, site-specific, and spatial-temporal. The characteristics
of these curves and their interpretations are discussed below.

Regional Stream Surveys

Stream surveys allow for the extension of data collected
at intensively sampled sites to a regional scale, which is
advantageous because sampling every stream in a basin
is typically cost prohibitive or physically impossible. The
use of probability surveys negates the bias of judgment or
convenience sampling (Olsen and others, 1999). In this study,
the number of tributaries was small enough that all major
tributaries in the study area could be sampled during regional
stream surveys.

The regional stream-survey cumulative curves describe
the water-quality condition of the entire basin, and can be
integrated with data from the intensively sampled sites. By
plotting data from successive stream surveys, trends in the
quality of water in the whole population of streams over time
can be identified from shifts in the curves’ shape and location.
Similarly, seasonal shifts can be identified by plotting the
results of surveys from different seasons.

The regional cumulative curves shown in figure 7
describe the percentage of the basin at or below different
concentrations by focusing on the data collected during spring
high-flow and summer base-flow surveys during the 2006 and
2007 water years. The x-axis shows concentration and the
y-axis shows the cumulative percentage of the basin area in
which the concentration was at or below a given value. Also
shown are box plots of data collected at the gradient sites over
the course of this study. The box plots for the gradient sites
are plotted at the same y-axis position as the corresponding
stream-survey site point.

Figure 7 allows for comparisons of results between
stream surveys and shows the integration of the regional and
site-specific data using nitrate concentrations as an example.
By plotting the cumulative curves of the survey data and
the box plots of the gradient sites together, the regional and
site-specific data become more meaningful. This combination
places the survey data in the context of the overall annual
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variability and describes how the data from the gradient
sites relate to the regional data. Nitrate concentrations

from both summer low-flow surveys and the spring 2006
high-flow survey tend to plot in the lower percentiles of the
concentrations from the intensively sampled gradient sites,
whereas the spring 2007 high-flow survey data plot in the
upper percentiles, as shown by the integration of the box
plots with the cumulative curves. The spacing of the box plots
along the survey cumulative curves shows that the gradient
sites are representative of the water-quality conditions found
throughout the basin.

The plots in figure 7 show year-to-year and seasonal
shifts in nitrate concentration. The results of a Wilcoxon
one-sided test indicate that nitrate concentrations were greater
during the 2007 spring high-flow (p = 0.019) and summer
base-flow (p < 0.001) surveys than during the 2006 spring
high-flow and summer base-flow surveys, respectively,
and were greater during the spring 2006 high-flow survey
(p = 0.0066) than during the summer 2006 base-flow survey.
The percentage of basin area in which the eutrophic threshold
for nitrate was exceeded was approximately 55 percent
during the 2006 spring high-flow survey and approximately
65 percent during the 2007 spring high-flow survey. The
regional curves describe the overall quality of water in the
basin and could be used as a management tool to determine
whether it is improving or degrading over time. This
regional analysis would not be possible with a monitoring
strategy in which water-quality data are collected at only a
modest number of fixed sites and, without the data from the
intensively sampled sites, the temporal context of the surveys
would be lost.

Gradient and Intensive Site Networks

Cumulative curves describing the water-quality results
for the gradient and intensive sites were created for five
common constituents and properties of interest: pH, nitrate,
specific conductance, total phosphorous, and total suspended
solids. Each of these cumulative plots is shown with water-
quality thresholds (Smith and others, 2006) and curves
representing conditions at reference sites and gradient sites for
comparison. The reference sites chosen were those intensive
and gradient sites with drainage basins that had greater than
80 percent forest cover, less than 8 percent suburbanization,
and median specific-conductance values less than 150 pS/cm
(Smith and others, in press).

The cumulative curves in figure 8 were plotted by
combining the data from gradient and intensive sites within
each land-use class. Because the reference curves were created
using the data from the forested sites, the reference-site and
forested-site curves are identical. These plots show the effects
of land use on water quality, which land use is most frequently
associated with exceedance of water-quality thresholds, and
the relation of different land uses to reference curves. These
plots demonstrate which land use has the greatest potential
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Figure 7. Regional cumulative curves of basin area ranked by increasing nitrate concentration for (A) spring 2006 high flow,
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(B) summer 2006 base flow, (C) spring 2007 high flow, and (D) summer 2007 base flow with box plots for selected gradient sites

for the Upper Delaware River (UPDE) tributaries. (Trophic boundaries from Smith and others, 2006.)
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Figure 8. Cumulative frequency curves of nitrate concentration, total phosphorous concentration, pH, specific conductance, and
total suspended solids concentration for different land uses in the Upper Delaware River (UPDE) drainage basin. (Trophic boundaries
from Smith and others, 2006; drainage basins of reference sites are greater than 80 percent forested and less than 8 percent
suburbanized, and have associated specific-conductance values less than 150 microsiemens per centimeter; gradient sites represent

the range of land uses found in the basin.)

to degrade water quality. For example, nitrate concentrations
in 75 percent of the samples from agricultural sites were
higher than the nitrate eutrophic threshold, whereas those
in 40 percent of the samples from forested sites were above
this threshold. Therefore, with respect to nitrate, the primary
concern for potential impairment of water quality in the
UPDE is agricultural runoff; a secondary concern is the long-
term effects of acid deposition in forested basins. Values of
pH and total suspended solids concentrations were higher
at agricultural sites than at sites in other land uses and the
reference sites.

Site-specific cumulative curves for gradient and intensive
sites grouped by land use are shown in figures 9 to 11.
The site-specific plots display the frequency of occurrence
of samples in which concentrations exceed water-quality
thresholds and reference curves. Figure 9 shows that more
than 90 percent of the samples collected at both Callicoon
Creek and West Branch Delaware River exceeded the
water-quality threshold for nitrate and were approximately

1 mg/L higher than the reference curve for most cumulative
frequencies. The total phosphorous threshold was exceeded in
0 to 10 percent of the samples from the agricultural sites. Total
suspended solids concentrations were highest in samples from
Callicoon Creek and West Branch Delaware River for most
cumulative frequencies. pH was higher than the reference
curve for most cumulative frequencies at all of the agricultural
sites. Callicoon Creek was the only agricultural site at

which specific conductance was consistently higher than the
reference curve (fig. 9).

Nitrate concentrations in 75 percent of the samples from
the East Branch Delaware River were greater than the nitrate
threshold for eutrophic impairment (fig. 10). It is apparent
from figure 10 that the water-quality signature at the East
Branch Delaware River was different from those at the sites in
the smaller forested basins (Halfway Brook, Mill Brook, and
Mongaup River); concentrations of nitrate, total phosphorous,
and total suspended solids at the East Branch Delaware River
were generally higher for most cumulative frequencies,
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Figure 9. Site-specific cumulative frequency curves of nitrate concentration, total phosphorous concentration, pH, specific
conductance, and total suspended solids concentration for agricultural sites in the Upper Delaware River (UPDE) drainage basin.
(Trophic boundaries from Smith and others, 2006; drainage basins of reference sites are greater than 80 percent forested and
less than 8 percent suburbanized, and have associated specific-conductance values less than 150 microsiemens per centimeter;
gradient sites represent the range of land uses found in the basin.)

whereas specific conductance was generally lower (fig. 10).
This finding could be the result of the difference in drainage-
basin size, the presence of pockets of agriculture and small
towns in the basin, and (or) the extreme storm events that
occurred during the study period.

Of the samples from West Colang Creek and Twin
Lakes Creek, less than 5 percent contained nitrate or total
phosphorous at concentrations that exceeded the eutrophic
threshold, and none had values for nitrate, pH, specific
conductance, or total suspended solids that exceeded those
at the reference sites (fig. 11). As previously mentioned, it
is possible that the basins draining to these sites have not
reached a critical threshold of suburbanization at which
water-quality degradation would become apparent. Total
phosphorous concentrations at West Colang Creek and Twin
Lakes Creek, however, were slightly greater than most of the
concentrations on the total phosphorous reference curve at
equal cumulative frequencies.

An example of a spatial-temporal cumulative curve
for nitrate and total phosphorous is shown in figure 12.

This cumulative curve is based on a method modified from
the Chesapeake Bay Program (Chesapeake Bay Program
Scientific, Technical and Advisory Committee, 2006). This
cumulative curve depicts the frequency at which the nitrate
and total phosphorous thresholds for impairment were
exceeded for given percentages of the UPDE Basin. The
curve was created by calculating the percentage of the basin
in which concentrations were greater than the eutrophic
threshold for each monthly gradient-site sampling trip during
the study period. These spatial percentages were then ranked
from largest to smallest, and the cumulative frequency of
each was plotted. A spatial-temporal curve depicting high-
quality waters would plot along the y-axis, passing very
close to the origin, and then along the x-axis (fig. 12). This
ideal curve could be changed to depict desired conditions

by adjusting the relation between the desired percentage

of basin area and the corresponding percentage of time
during which samples contained concentrations less than the
eutrophic threshold. The plot in figure 12 shows that nitrate
concentrations in 60 percent of the basin were greater than the
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Figure 10. Site-specific cumulative frequency curves of nitrate concentration, total phosphorous concentration, pH, specific
conductance, and total suspended solids concentration for forested sites in the Upper Delaware River (UPDE) drainage basin.
(Trophic boundaries from Smith and others, 2006; drainage basins of reference sites are greater than 80 percent forested and less
than 8 percent suburbanized, and have associated specific-conductance values less than 150 microsiemens per centimeter; gradient
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nitrate water-quality threshold approximately 50 percent of
the time. Improving water quality would be indicated by the
curve shifting closer to the origin (Chesapeake Bay Program
Scientific, Technical and Advisory Committee, 2006). The
spatial-temporal cumulative curve can be used as a tool for
maintaining or improving water-quality conditions while
acknowledging the likelihood that 100 percent of the basin
will not be at reference conditions or below water-quality
thresholds 100 percent of the time.

Continued use of the tiered monitoring strategy in the
future with sampling conducted year round would allow for
robust future assessments of water quality and detection of
changes in water quality over time. Sampling year round
is important, as sampling only during the growing season
does not capture the spring snowmelt runoff or the high-
flow storm events that occur during the late fall and winter
months. Stormflow sampling is also important, as storm events
typically move large quantities of sediment, and may contain
high concentrations and result in large yields of nutrients
and major ions. For example, the plots of particulate organic

carbon, total suspended solids, and turbidity shown in figure 4
indicate that the median and maximum values were higher

at the intensive sites, where samples were collected during
storms, than at the sites that were only sampled monthly.

The results of a Wilcoxon statistical test (Helsel and Hirsch,
1992) show that the results obtained by sampling only during
the growing season can be different for some constituents
(aluminum, nitrate, silicon, total dissolved nitrogen) than those
obtained with the strategy used in this study. For example, the
median concentration of total suspended solids at Callicoon
Creek was 27 mg/L if sampling was conducted throughout the
year and during storms, and 2 mg/L if sampling was conducted
only during the growing season. Similar results were found for
other sites and constiuents.

Intensive monitoring at the upper and lower bounds of
the UPDE, one or two intermediate sites along the mainstem
of the Delaware River between the upper and lower bounds,
and key tributaries such as the Lackawaxen River and
Callicoon Creek would allow for detection of changes in
concentration-discharge relations as well as capture peak
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concentrations during high flows. A Kruskal-Wallis test
(Helsel and Hirsch, 1992) applied to the mainstem data
(Delaware River at Callicoon, Delaware River near Barryville,
and Delaware River at Port Jervis) showed a significant
difference (p < 0.05) in median values for some constituents
and properties (chloride, dissolved organic carbon, nitrate,
specific conductance, sodium, sulfate, total dissolved nitrogen,
total suspended solids, and turbidity) between sites; therefore,
maintaining at least one of the intermediate sites would allow
for tracking changes in mainstem water quality.

Sampling at gradient study sites that represent a range
of land uses would allow for water-quality monitoring at
additional sites without incurring the cost of maintaining
the intensive sites and would allow water-quality/land-use
relations to be monitored. Continuing to monitor at the
monthly sites used in this study would allow for building
upon the existing data set. If results of future stream surveys
show substantial changes in concentrations at certain sites
or if remote sensing of land use shows changes in basin
characteristics, changing the location of some of the gradient
sites could be considered.

Annual high-flow and low-flow stream surveys allow for
an assessment of the basin as a whole, and, when combined
with the intensive-site and gradient-site data, improve the
understanding of the ecosystem and allow science-based
management decisions to be made. Sampling rotating groups
of randomly selected tributaries such that the entire population
of streams is sampled every 3 years would reduce the cost of
individual surveys while still yielding unbiased results that
could be extrapolated across the entire basin.

Chemical and Total Suspended
Solids Yields

Annual yields for the dissolved analytes sampled during
the 2006 and 2007 water years are listed in appendix 3. Yields
for total suspended solids are given only for water year 2007;
during water year 2006, total suspended solids were measured
only during storm events.

The regional flood of June 2006 moved large quantities
of both particulate and dissolved constituents through the
UPDE. The East Branch and West Branch Delaware River
delivered an estimated minimum of 2,214 kg/ha (449,000 Mg)
and 144 kg/ha (22,200 Mg) of total suspended solids to
the Delaware River, respectively. More than 874 kg/ha
(696,000 Mg) of total suspended solids were exported from
the UPDE Basin during this flood event. (These estimates are
minimums because of incomplete sampling over the entire
storm hydrograph.) Sampling for total suspended solids prior
to the flood was inadequate to determine the percentage of the
annual load contributed by this storm.

The flash flood that occurred in the headwaters of
the East Branch Delaware River in June 2007 contributed
27,000 Mg of total suspended solids, 816 Mg of particulate
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organic carbon, 9.98 Mg of total phosphorous, and 30.8 Mg
of nitrate to the Delaware River. The difference in loads at
the East Branch site and the Delaware River at Callicoon

site indicates 11,100 Mg of solids were deposited in the

river between the East Branch site and the Delaware River

at Callicoon site by the time 95 percent of the stormflow had
passed the Delaware River at Callicoon site. These sediments
are likely to be re-suspended by future stormflows.

Nitrate yields at most of the intensive sites were higher
during water year 2007 than during water year 2006, whereas
yields of major ions, dissolved organic carbon, sulfate, and
aluminum were all lower during water year 2007 than during
water year 2006. A comparison of yields between the East
Branch and West Branch Delaware River showed that the West
Branch had higher yields of nitrate, major ions, and sulfate
during both water years 2006 and 2007. Yields of nitrate,
major ions, and sulfate along the mainstem of the Delaware
River tended to increase downstream between Callicoon and
Barryville, then decrease between Barryville and Port Jervis.
Yields of dissolved organic carbon increased and yields of
total suspended solids decreased from Callicoon to Barryville
and from Barryville to Port Jervis.

Yields of nitrate, major ions, sulfate, dissolved organic
carbon, and total suspended solids at Callicoon Creek, in an
agricultural watershed, were nearly twice those at the other
intensive sites during water year 2006. Yields of all these
constituents and properties were lower during water year 2007
at Callicoon Creek, but were higher than those at any other
intensive site.

Summary

Water-quality samples were collected from the Upper
Delaware Scenic and Recreational River and its tributaries
during water years 2006 and 2007 to document existing
water quality, determine relations between land use and water
quality, and identify areas of water-quality concern. A tiered
water-quality monitoring framework was used in this study,
with the tiers consisting of intensively sampled sites, gradient
sites representing the range of land uses present in the basin,
and regional stream-survey sites.

The percentage of agricultural land use in a basin was
found to be positively correlated with ANC and concentrations
of calcium, potassium, nitrate, total dissolved nitrogen, and
dissolved phosphorous. Streams in agricultural basins had the
highest median concentrations, greatest ranges, and largest
yields of nutrients. No correlations were found between
suburbanization and water quality. It is possible that the level
of suburbanization in the UPDE has not yet reached a critical
threshold, beyond which degradation of water quality would
be observed.

Maps showing water-quality classifications with respect
to nutrients indicate that a large portion of the UPDE Basin
ranged from mesotrophic to eutrophic with respect to nitrate.
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Nitrate concentrations in samples from the mainstem Delaware
River exceeded the threshold for potential impairment with
respect to nitrate from Hancock downstream to Pond Eddy. All
of the intensive and gradient study sites were mesotrophic with
respect to total phosphorous, with the exception of the East
Branch Delaware River and the mainstem of the Delaware
River from Hancock to Callicoon, which were oligotrophic.
Cumulative curves for the UPDE yielded valuable
information about regional and site-specific water quality
that would not have been available if the monitoring program
had been limited to sampling of boundary control points
only. The position of the curves in relation to reference-site
curves or water-quality thresholds indicated the frequency
of occurrence of samples or the percentage of basin area
in which the value indicated by these curves or thresholds
was exceeded. The regional cumulative curves indicated
that 55 to 65 percent of the basin was beyond the eutrophic
threshold in terms of nitrate during the spring high-flow
surveys, and 25 to 60 percent of the basin was beyond the
eutrophic threshold in terms of nitrate during the summer
base-flow surveys. Land-use cumulative curves indicated
that nitrate concentrations in 75 percent of samples from
agricultural basins and 40 percent of samples from forested
basins exceeded the eutrophic threshold for nitrate. The site-
specific cumulative curves indicated that nitrate concentrations
in more than 90 percent of samples from Callicoon Creek and
the West Branch Delaware River, both in basins with high
percentages of agricultural land use, exceeded the eutrophic
threshold for nitrate. The cumulative curves of existing water
quality presented in this report can be used as a benchmark
with which future cumulative curves can be compared in
order to determine whether the water quality of the UPDE is
improving, static, or degrading.
The tiered monitoring approach used in this study
met the study objective of assessing the existing quality
of water in the tributaries to and mainstem of the UPDE.
This monitoring approach allowed the integration of site-
specific data with regional data, improving the understanding
of the ecosystem and providing a basis for science-based
management decisions.
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Appendix 1 27

Appendix 1. Land Use in Drainage Areas of Sites Sampled during the Upper
Delaware River (UPDE) Study.

Table 1-1. List of sites with drainage area and land-use percentages.

[km?, square kilometers; land-use values in percent]

Drainage Land use
U.S. Geological Survey streamgage and number area
(km?) Forested Agriculture  Suburbanized
Basket Creek at mouth near Long Eddy, NY (0142728005) 58 92 6 2
Beaver Brook at mouth near Barryville, NY (0143215005) 61 95 2 2
Beaverdam Creek at mouth at Damascus, PA (0142760005) 27 76 18 6
Bouchoux Brook at mouth near Lordville, NY (0142723005) 13 87 5 6
Calkins Creek at mouth at Milanville, PA (0142770105) 116 67 28 4
Callicoon Creek at Callicoon, NY (01427500) 287 66 29 5
Cooley Creek at mouth near Stalker, PA (0142730505) 8 95 2 3
Delaware River above Lackawaxen River near Barryville, NY (01428500) 5,242 82 13 3
Delaware River at Callicoon, NY (01427510) 4,725 82 13 3
Delaware River at Lordville, NY (01427207) 4,118 83 12 3
Delaware River at Narrowsburg, NY (01427750) 4,957 82 13 3
Delaware River at Pond Eddy, NY (01432805) 7,312 82 13 4
Delaware River at Port Jervis, NY (01434000) 7,961 82 12 5
Delaware River below mouth of Mongaup River, NY (0143351103) 7,938 82 12 5
East Branch Callicoon Creek at mouth at Hortonville, NY (0142744205) 192 65 30 5
East Branch Delaware River at Fishs Eddy, NY (01421000) 2,028 90 6 3
Equinunk Creek near Equinunk, PA (01427200) 149 80 14 4
Grassy Swamp Brook near Tusten, NY 10 96 0 2
Halfway Brook at Barryville NY (01432180) 69 95 1 3
Hankins Creek at Hankins, NY (01427350) 41 84 12 4
Hollister Creek near Abrahamsville, PA (01427400) 24 70 24 5
Hoolihan Brook at Long Eddy, NY (01427260) 12 97 2 1
Humphries Brook at mouth at Lordville, NY (0142720505) 7 95 1 3
Lackawaxen River at Hawley, PA (01432110) 532 65 26 7
Lackawaxen River at Rowland, PA (01432110) 1,526 76 15 7
Little Equinunk Creek at Stalker, PA (01427300) 65 79 13 6
Masthope Creek at Masthope, PA (01428200) 79 84 12 4
Middle Creek near Hawley, PA (01431000) 209 74 20 5
Mill Brook at mouth at Pond Eddy, NY (0143280005) 52 94 1 4
Mongaup River near Mongaup, NY (01433500) 539 86 6 7
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Table 1-1. List of sites with drainage area and land-use percentages.—Continued

[km?, square kilometers; land-use values in percent]

Drainage Land use
U.S. Geological Survey streamgage and number area
(km?) Forested Agriculture  Suburbanized
North Branch Callicoon Creek at mouth at Hortonville, NY (0142749205) 93 69 27 4
Pea Brook at Long Eddy, NY (01427250) 17 89 6 5
Shehawken Creek at Starlight, PA (01427100) 41 77 17 5
Shingle Hollow Creek near Starlight, PA 3 100 0 0
Shingle Kill at Sparrow Bush, NY (01433600) 33 96 0 3
Shohola Creek near Shahola, PA (01432500) 218 91 1 7
Ten Mile River at mouth at Tusten, NY (0142800003) 127 85 11 3
Twin Lakes Creek near Shohola, PA (01432600) 29 87 1 11
West Branch Delaware River at Hale Eddy, NY (01426500) 1,540 73 21 4

West Colang Creek at West Colang, PA (0142848005) 12 81 0 17




Appendix 2

Appendix 2. Water-Quality Statistics for the Intensive and Gradient Study

Sites, Upper Delaware River Basin, October 2005 to September 2007.

Index

U.S. Geological Survey streamgage and number Table
Callicoon Creek at Callicoon, NY (01427500) 2-1
Calkins Creek at mouth at Milanville, PA (0142770105) 2-2
Halfway Brook at Barryville, NY (01432180) 2-3
Lackawaxen River at Rowland, PA (01432110) 2-4
Mill Brook at mouth at Pond Eddy, NY (0143280005) 2-5
Mongaup River near Mongaup, NY (01433500) 2-6
Twin Lakes Creek near Shohola, PA (01432600) 2-7
West Colang Creek at West Colang, PA (0142848005) 2-8
East Branch Delaware River at Fishs Eddy, NY (01421000) 2-9
West Branch Delaware River at Hale Eddy, NY (01426500) 2-10
Delaware River at Callicoon, NY (01427510) 2-11
Delaware River above Lackawaxen River near Barryville, NY (01428500) 2-12
Delaware River at Port Jervis, NY (01434000) 2-13
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For additional information write to:
New York Water Science Center
U.S. Geological Survey

425 Jordan Road

Troy, NY 12180

Information requests:
(518) 285-5602

or visit our Web site at:
http://ny.water.usgs.gov
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