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INTRODUCTION

This report presents the findings of the 1989 DRBC/NPS Scenic Rivers Water Quality Monitoring
Program. The program is carried out cooperatively by the Delaware River Basin Commission (DRBC)
and the National Park Service (NPS) in the Upper Delaware Scenic and Recreational River (UDSRR) and
the Delaware Water Gap National Recreation Area (DWGNRA). The program monitors 112 miles of
the Delaware River classified as National Wild and Scenic Rivers within the UDSRR and DWGNRA, and
the intervening 8 miles. Also monitored-are the more than 70 tributaries which flow into these reaches
of the river.

The 1989 program was the sixth year of the cooperative DRBC/NPS monitoring program. The DRBC
portion of the program, formerly the Upper Delaware Summer Limnological Program, has been
conducted since 1969. The cooperative program operates under a quality assurance plan approved by
the U.S. Environmental Protection Agency. Earlier reports of the program are listed on the back cover
of this report.

The 1989 Scenic Rivers Monitoring Program targeted several objectives:

1. continue past baseline monitoring work which screens water quality at numerous
Delaware River sites and tributaries;

2. continue the development of a water quality model for the DWGNRA;
A. BOD and nutrient transformation rate determinations;
B. channel and water surface elevation measurements;
3. conduct special studies including:
A. development of biological water quality criteria;
B. aquatic-plant density (biomass yield) determinations and nutrient relationships;
C. effects of wastewater discharges on macroinvertebrate populations; and

4. continue tributary flow gaging to construct stage/discharge curves for wastewater loading
evaluations.

The 1989 DRBC/NPS Scenic Rivers Monitoring Program made approximately 600 station-visits to over
90 sites in the scenic rivers region. Figures 1 and 2 show the locations of these stations and Table 1
provides location descriptions. More than 490 of these station-visits were part of the baseline
monitoring effort. In this effort, water quality data were collected at 72 sites for dissolved oxygen,
water temperature, conductivity, fecal coliform and other parameters. Macroinvertebrates (aquatic
insects) were collected at 10 sites: 5 in the UDSRR, 4 in the DWGNRA, and 1 in the intervening reach
of the Delaware River. Macroinvertebrates serve as a surrogate for toxic analyses and an indicator of
long-term changes in water quality.



Figure 1

Delaware Water Gap National Recreation Area Sampling Stations
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Figure 2

Upper Delaware Scenic and Recreational River Sampling Stations
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Table 1

Map Key For Figure 1 and Figure 2

River Stations Tributary Stations

Code Location ! Code Location
1 Delaware River at Kittatinmy Access frea Cherry Creek Near Route 80 Bridge
2 Delaware River at Horthington Access frea Brodhead Creek at Route 402 Bridge
3 Delaware River at Saithfield Access Area Marshalls Creek at Minisink Hills Bridge
4 Delaware River at Poxono Access frea Shaunee Creek at Resort Parking Lot
S Delaware River at Depew RAccess Area Pahaquarry Creek at 0ld Mine Road Bridge
6 Delaware River at Halpack Bend Van Campens Brook at 0Old Mine Road Bridge
7 Delavare River at Bushkill RAccess frea Flat Brook at 0Old Mine Road Bridge
8 Delaware River at Eshback Rccess frea Flat Brook at Halpack Center Bridge
9 Delaware River at Dingmans Access frea Bush Kill at Route 209 Bridge

10 Delaware River at Milford Access Area

11  Delaware River at Northern DEWA (DHGNRA)Y Boundary

12 Delaware River at Port Jervis/Matamoras Bridge

13 Delaware River at Port Jervis Beach

14 Delaware River at Matamoras RAccess Area

15 Delaware River at Millrift

16 Delaware River at Pond Eddy (N.Y.)

17 Delaware River at Pond Eddy (PR)

18 Delaware River at Sholola/Barryville Dridge (N.Y.)

19 Delaware River at ShololasBarryville Bridge (PR)

20 Delaware River at Narrowsburg Rccess Rrea (PA)

21 Delaware River at Narrowsburg Access firea (N.Y.)

22 Delaware River at Skimners Falls Access frea

23 Delaware River at Damascus ficcess Area

24 Delavare River at Callicoon Access Area (PR

25 Delaware River at Callicoon Access Area (N.Y.)

26 Delaware River at Equinunk/Lordville Bridge

27 Delaware River at Buckingham Access firea

28 Delaware River Just Below E./H. Branch Confluence Mongaup River at Route 97 Bridge

29 E. Branch Delaware River at Hancock Sholola Creek at Railroad Bridge Near

30 H. Branch Delaware River at Hancock Delavare River Confluence

Halfway Brook at Route 97 Bridge

EE Lackawaxen River at Route 590 Bridge

FF York Lake Falls at Route 97 Bridge

GG Atco Creek at Route 652 Bridge

HH Callicoon Creek at Route 97 Bridge

11 Little Equinunk Creek Near Delavare River
Conf luence

JJ Equinunk Creek at Route 191 Bridge

KK Factory Creek at Route 191 Bridge

Little Bush Kill Near Bush Kill Confluence
Bush Kill at DEWA (DHWGNRA> Boundary

Saw Creek Near Bush Kill Confluence
Denmark Creek at Route 209 Bridge

Toms Creek at Route 209 Bridge

Toms Creek at DEWA (DWGNRA)> Boundary
Hornbeck Creek at Route 209 Bridge
Hornbeck Creek at DEWA (DHGNRA) Boundary
Dingmans Creek at Route 209 Bridge
Dingmans Creek at DEWA (DWGNRA)Y Boundary
Adams Creek at Route 209 Bridge
Raymondskill Creek at Route 209 Bridge
Raymondskill Creek at DEWA (DWGNRA) Boundary
Shimers Brook at Route 521 Bridge

Sawk1ll Creek at Route 209 Bridge
Vandermark Creek at Route 209 Bridge
Cumains Creek

Neversink River at Route 6 Bridge

[w]
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FINDINGS

The 1989 monitoring program revealed satisfactory water quality at nearly all monitoring sites.
Overall river and tributary water quality within the UDSRR and DWGNRA indicated good aquatic
"health" conditions. There are, however, sites at which water quality had been previously degraded
and are continuing to show lowered water quality at either the same or a lesser extent as was
presented in the 1988 DRBC/NPS Scenic Rivers Monitoring Program. The majority of the 1988
water quality problems appear to have been reduced as evident in the 1989 data.

Baseline Monitoring

Water column samples were collected at 30 stations on the Delaware River and at 42 tributary
stations. Samples were analyzed for air and water temperature, dissolved oxygen, pH, conductivity,
and fecal coliform. Selected samples were also analyzed for fecal streptococcus, NO;+NO,
nitrogen, NH;+NH, nitrogen, total orthophosphate, total phosphorus, and BODg (5-day
Biochemical Oxygen Demand). Air and water temperature, dissolved oxygen, pH, and conductivity
were measured in the field. Fecal coliform, fecal streptococcus, NO;+NO, nitrogen, total
orthophosphate, and BOD analyses were performed by DRBC and NPS personnel at the National
Park Service laboratory in Milford, PA. Water column and interstitial water (water in sediment pore
spaces) nitrogen and phosphorus concentrations from selected river sites were analyzed by Hess
Environmental Laboratories as part of a special nutrient study (see Sediment Pore-Water and Water
Column Nutrients section). Baseline monitoring data are entered into the Environmental Protection
Agency (EPA) STORET computer system. Appendices A, B, C, and D present the data from the 1989
baseline monitoring.

Three river and 7 tributary stations showed variation from previous background water quality.
These sites include Kittatinny Access (N.J.), Dingmans Access (PA), Milford Beach (PA), Northern
DWGNRA Boundary (PA), Port Jervis/Matamoras Bridge (N.Y.), Narrowsburg Access (N.Y.), and
Callicoon Access (N.Y.).

Nutrient and/or BOD values were uncommonly high at the Kittatinny, Dingmans, Milford, and
Northern DWGNRA Boundary stations. Kittatinny Access showed a NH;+NH, (ammonia plus
ammonium) nitrogen value of 0.69 milligrams per liter (mg/1), the highest value for this parameter
at any station. Milford Beach also showed an elevated NH;+NH, nitrogen value of 0.65 mg/l.
Ammonia becomes increasingly toxic to aquatic organisms as the concentration, pH, and water
temperature increase. For example, based on the Environmental Protection Agency's (EPA)
ammonia toxicity criteria, ammonia-nitrogen concentrations become toxic at levels exceeding 0.67
mg/l when the stream pH is 9.0 and the water temperature is 30 C. These pH and water
temperature values are periodically attained during the summer months within the DWGNRA.
However, these conditions were not concurrent when the ammonia-nitrogen samples were collected.

Dingmans Access and Milford Beach showed elevated values for BODs: 1.72 and 1.50 mg/1,
respectively. The Northern DWGNRA Boundary station exhibited the highest river values, of those
stations sampled, for total phosphorus and NO;+NO,, (nitrite plus nitrate) nitrogen. Respective
values were 0.07 and 0.29 mg/1.



Geometric averages for fecal coliform levels (colonies/100 milliliters) sampled during dry weather
at the Port Jervis/Matamoras Bridge and Callicoon Access sites were 197 and 167, respectively.
These values present a respective 31 percent increase and 14 percent decrease for dry weather
compared to 1988 values. Wet-weather fecal coliform data present a geometric average of 183 at
the Port Jervis/Matamoras Bridge and a single value of 326 at the Callicoon Access station. Daily
precipitation data were used to determine wet-weather conditions. These data for May thru
September are presented in Appendix E. The Port Jervis/Matamoras Bridge wet weather data
presents a 3 percent decrease compared to 1988. Fecal coliform standards for these sections of the
Delaware River allow a geometric mean of 200 colonies/100 ml.

The factor(s) attributing to the lower fecal coliform levels at Callicoon Access is(are) uncertain,
since no wastewater treatment facilities have been installed. The higher values found on the New
York side of the Port Jervis/Matamoras Bridge arise from an apparent sewage discharge from a
storm sewer pipe approximately 100 feet upstream of the bridge.

Narrowsburg Access (N.Y.) showed an average percent saturation of dissolved oxygen of 80.4
percent. The minimum dissolved oxygen value was 6.5 mg/l which is also the lowest daytime
dissolved oxygen value recorded in 1989. Narrowsburg Access (PA side), by comparison, showed
an average percent saturation of 95. All other river stations showed percent saturations above 90.
Pre-1988 monitoring findings at this station (Upper Delaware Summer Limnological Program,
Reports 1-10) show average percent saturations of dissolved oxygen above 90 percent. This
indicates a local, ongoing, organic or nitrogen loading to the river from an undetermined source(s).
Further investigation will be carried out in the 1990 monitoring program to determine the cause(s)
of the lowered dissolved oxygen concentration at the Narrowsburg, NY sampling station.

Seven Delaware River tributaries showed elevated fecal coliform levels when compared to levels at
other stations. Waterways that showed higher fecal coliform concentrations included Cherry Creek
near the Route 80 bridge, Brodhead Creek at the Route 402 bridge, Shawnee Creek within the
Shawnee Resort complex, Bushkill Creek at the Route 209 bridge, Saw Creek near the Bushkill
confluence, Halfway Brook at the Route 97 bridge, and Callicoon Creek at the Route 97 bridge.
The geometric means for Cherry Creek, Brodhead Creek, Shawnee Creek, and Saw Creek dry-
weather fecal coliform results were 273, 406, 164, and 115 colonies per 100 milliliters, respectively.
The Cherry Creek, Brodhead Creek, and Shawnee Creek values represent 81, 85, and 17 percent
reductions compared to 1988 values. Geometric means for wet-weather fecal coliform values for
Cherry Creek, Brodhead Creek, and Saw Creek were 317, 436, and 204, respectively. Compared
to 1988 values, these represent 84 and 56 percent reductions for Cherry Creek and Brodhead Creek
and a 16 percent increase for Saw Creek. Rain storms produced higher counts of fecal coliforms
in many of the tributaries from runoff and sediment resuspension.

The dry- and wet-weather fecal coliform reductions in the tributaries may be partially or wholly
attributable to new or modified wastewater treatment facilities that discharge to these streams.
These facilities are now treating wastes that were historically untreated or treated to a lesser extent
before being discharged. The Manwalamink Water Company Sewage Treatment Plant began the
operation of a new unit in 1989 to serve the Shawnee Inn Development. This wastewater is now
rerouted from Shawnee Creek to Brodhead Creek. Since September 1988, the new Delaware Water
Gap Borough Council Sewage Treatment Plant has been operational and is treating sewage that had
previously been untreated prior to discharge to Cherry Creek. Also, Brodhead Creek may now be
receiving a higher quality effluent from the East Stroudsburg Borough Sewage Treatment Plant
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since the plant has undergone an upgrade and expansion that was scheduled for completion in
February 1989.

Halfway Brook and Callicoon Creek both showed elevated wet-weather fecal coliform values in the
single samples collected at these sites: 690 and 1398 colonies per 100 milliliters, respectively. Past
data show that both creeks receive wastewater discharges that contribute most of the fecal coliform.

Highest BODg values were found at Cherry Creek (1.67 mg/1) and Shawnee Creek (1.55 mg/]).
Although these values are higher than the single BODg values from each of these sites in 1988,
additional monitoring is warranted to determine the significance of these data.

Macroinvertebrates

Macroinvertebrates were collected at 10 Delaware River sites using a kick net. Macroinvertebrate
data were entered into the EPA BIOS (STORET) computer system. Table 2 summarizes these 1989
macroinvertebrate data.

Macroinvertebrate population "health” was evaluated using three indices: the Shannon-Weiner
diversity index, equitability, and the EPT index. These indices have been recommended as
biological criteria for water quality in the Middle Delaware Scenic and Recreational River! and are
expected to be applicable for the Upper Delaware Scenic and Recreational River as well. Proposed
criteria for these indices within the DWGNRA are as follows:

1. areach-wide mean Shannon-Weiner index of 3.6 with no more than 10 percent of the
values below 3.0;

2. a reach-wide mean equitability of 0.8 with no more than 15 percent of the values
below 0.6; and

3. areach-wide mean EPT value of 13 with no more than 15 percent of the values below
10.0.

Individual site means should be at least 3.0, 0.6, and 10 for the Shannon-Weiner, equitability, and
EPT indices, respectively.

Two of the 10 samples showed signs of degraded water quality. Kittatinny Access showed lower-
than-normal values for the Shannon-Weiner and equitability indices, and Buckingham Access
showed a below normal Shannon-Weiner index and low equitability and EPT values. Although

! See Recommended Biological Criteria For The Middle Delaware Scenic and Recreational River. Prepared by the
Delaware River Basin Commission as part of the cooperative Commission/National Park Service Monitoring and Planning
Program. January 19990.




Table 2

Summary: 1989 Macroinvertebrate Data

No. of No. of * * %
Station Date Taxa Organisms SDI Equitability EPT
1 8/14 20 1220 3.18 0.60 15
2 7731 24 1072 3.67 0.75 16
3 7/31 26 1776 3.96 0.85 15
4 7728 30 2086 3.85 0.70 21
5 7/28 27 1320 4.14 0.93 20
6 7/14 36 2312 4.16 0.72 24
7 7/27 25 1096 4.15 1.04 18
8 7/27 24 800 4.23 1.12 18
9 7727 25 992 4.24 1.08 15
10 7/13 17 372 3.47 0.88 14
1 Delaware River at Kittatinny Access Area (N.J.)
2 Delaware River at Smithfield Access Area (PA)
3 Delaware River at Bushkill Access Area (PA)
4 Delaware River at Milford Beach (PA)
5 Delaware River at Matamoras Access Area (PA)
6 Delaware River at Barryville Bridge (N.Y.)
7 Delaware River at Narrowsburg Access Area (PA)
8 Delaware River at Callicoon Access Area (N.Y.)
S Delaware River at Callicoon Access Area (PA)
10 Delaware River at Buckingham Access Area (PA)
* Shannon-Weiner Diversity Index

** Ephemeroptera, Plecoptera, and Trichoptera richness

Minimum index values representative of good water gquality are 3.0,
0.6, and 10 for the Shannon-Weiner, Equitability, and EPT indices,
respectively.



Kittatinny Access showed higher index values in 1988, prior years showed values similar to 1989.
The Buckingham data are consistent with the 1988 findings. It is noted that both the New York
and Pennsylvania sides of the Delaware River at Callicoon show improved biological populations
over past years.

Tributary Flow Gaging

In 1989 the DRBC/NPS Scenic Rivers Monitoring Program performed 21 flow measurements at 13
flow gaging stations that were established on ungaged tributaries within the DWGNRA. Tributary
flow data are presented in Appendix D. Flow measurements are required at these sites to construct
stage/discharge relationships (also known as rating curves). The stage/discharge relationships will
be used to determine wasteload allocations for each watershed during various flows and as inputs
for the QUAL2EU water quality model hydraulics.

Special Investigations

During 1988 and 1989, several river and tributary sites revealed potential pollution problem areas
and were evaluated with special investigations. Problem areas in 1988 that were again revisited
in 1989 were the Masthope Development’s sewage outfall into Falling Waters Creek and the raw
sewage discharge from a multi-business complex that flows into Halfway Brook in the Town of
Highland near Barryville, N.Y.. During the 1989 Scenic Rivers Monitoring Program a special
investigation was conducted to determine the source(s) of high bacteria levels in the Delaware River
just downstream of the Port Jervis/Matamoras Bridge.

Masthope Sewage Outfall

Falling Waters Creek is the discharge stream for the Masthope Development. The creek and the
Delaware River upstream and downstream of the confluence were sampled twice in 1989, once on
July 14 and once on August 16. Results show that the creek is continuing to be impacted by
effluent with high fecal coliform counts. The July 14 creek sample had 4,900 fecal coliform
colonies per 100 milliliters (colonies/100 ml) and the August 16 sample had 1,320 colonies/100 ml.
These levels are less than 25 percent of the fecal coliform levels in 1988. River samples taken
upstream and downstreani of the creek confluence on these dates showed 25 and 33 colonies/100
ml, and 27 and 42 colonies/100 ml, respectively. Although the impact to the river is minimal due
to its large dilution capacity, discharges to Falling Waters Creek require disinfection to reduce fecal
coliform levels.

Halfway Brook Discharge

A follow-up sampling this year for a sewage discharge problem in Halfway Brook showed continued
high levels of fecal coliform. This problem was initially encountered in 1987 and persisted through
1988. A sample taken at the outfall pipe from the multi-business complex on July 20 contained
9,600 fecal coliform colonies/100 ml and had a raw sewage odor. The New York Department of
Environmental Conservation has been requested to investigate the problem.



Port Jervis Storm Sewer Discharge

The 1988 DRBC/NPS Scenic Rivers Monitoring Program added a new monitoring station on the
New York side of the Route 209 (Port Jervis/Matamoras) bridge. Fecal coliform levels at this
station during both the 1988 and 1989 monitoring programs showed high geometric means of 189
and 190 colonies/100 ml, respectively, with more than 54 percent of the values greater than or
equal to 200 colonies/100 ml. Investigation of the contamination source in 1989 revealed an
apparent sewage discharge from a storm sewer outfall pipe approximately 100 feet upstream of the
Route 209 bridge on the Port Jervis shore. The pipe was continuously discharging debris and
sewage during dry weather, unlike a storm sewer which is designed to drain runoff during wet
weather. Dry-weather wastewater discharges, from storm or combined sewers, are in violation of
the Delaware River Basin Commission’s water quality regulations. The problem has been reported
to the New York Department of Environmental Conservation.

SPECIAL SCENIC RIVERS PLANNING STUDIES

Several special studies were conducted to determine water quality impacts from nutrient-enriched
and biologically-toxic loadings from wastewater treatment plant discharges. These studies
incorporated water chemistry, hydraulics, aquatic plant density, and aquatic insect population
measurements.

Sediment Pore-Water and Water Column Nutrients

Nutrient sources, especially phosphorus and nitrogen, are limited in natural waters. As the adjacent
land use changes due to growth and development, point and nonpoint source discharges of
nutrients increase. Aquatic plants absorb these chemicals and metabolize them for energy, growth,
and reproduction. As nutrients become increasingly available, plant growth increases. In many
cases these plant growths become very dense and can restrict water recreation and become
detrimental to aquatic organisms due to the associated variations in dissolved oxygen and pH (see
next section).

On August 9 and 10, five river transects were sampled for sediment pore-water (interstitial-water)
and water column nutrients. The river sampling was conducted at Kittatinny, Smithfield, Dingmans,
Milford, and the Northern DWGNRA boundary. Eight to 10 sediment samples were composited at
each transect. These samples were collected with a cylindrical sampler that measured 8.25
centimeters in diameter by 4.13 centimeters in depth. Two water column samples were also
composited at each transect. All samples were analyzed by Hess Environmental Laboratories for
total phosphorus, total orthophosphate, NO;+NO, nitrogen, and NH;+NH, nitrogen. Interstitial
water was centrifuged from the sediment samples and analyzed for unfiltered nutrients. All
analytical methods were approved by the Environmental Protection Agency (EPA).

Water-column phosphorus levels were highest at the Northern DWGNRA boundary while water-
column nitrogen concentrations were highest at the Kittatinny and Milford sites (as presented in
the previous Baseline Monitoring section). Interstitial-water phosphorus was highest at the Milford
site and interstitial-water nitrogen was higher at the Smithfield, Dingmans, and Milford sites. These
data are presented in Table 3.
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Tahle 3

Hater Column and Interstitual Water Nutrients
For the Delaware River Within the DHGNRA

Total
Total-P  Ortho-P  NN2+4NDO3  NH3I+NH4
as P as P as N as N Sample
Location Date (mg/1) (mg/1) (mg/1l) (mg/1) Type
Delaware River @ Northern DWGNRA Boundary, PA & NJ 8/10/89 0.0?7 0.03 0.29 0.11 HWC
8/10/89 0.04 < 0.01 < 0.01 0.49 Int
Oelaware River B Milford Beach, PR & NJ 8/10,89 < 0.01 < 0.01 0.23 0.65 WC
8/10-89 n.22 0.09 0.69 0.73 Int
Delaware River @ fingmans Access, PR & NJ 8-10/89 < 0.01 < 0.01 0.25 0.19 HC
8/10/89 0.09 < 0.01 0.52 1.14 Int
Delaware River R Smithfield RAccess, PR & NJ 8,09,89 < 0.01 < 0.0t 0.18 0.39 WC
8,/09/89 0.15 < 0.01 0.33 1.03 Int
Nelaware River @ Kittatinny, PR & NJ 8-09,83 < 0.01 < 0.01 0.20 0.69 WC
8/09/89 0.14 0.01 0.08 1.17 Int
¥ WL = Hater Column sample
Int = Interstitital Hater sample



Based on the 1988 diurnal studies, plant productivity is greatest in the river reach from the
Northern DWGNRA boundary to Milford and at Kittatinny. Therefore, the 1989 nutrient results
indicate either 1) an aquatic plant preference for water column nutrients, and/or 2) phosphorus
may be a limiting nutrient for plant growth. A follow-up study is warranted to delineate these
possibilities.

Aquatic Plant Biomass Study

Inputs of nutrients, primarily phosphorus and nitrogen, within a waterway yielding low
concentrations of nutrients, may increase aquatic plant growth rates and existing plant bed
densities several times. Consequently, excessive plant growths may cause large variances in
dissolved oxygen concentrations and pH due to plant photosynthesis and respiration. Extreme
variances in dissolved oxygen and pH are detrimental to many aquatic organisms. To determine
the current aquatic plant densities (biomass yield), a trial biomass measurement study was
conducted on August 16 and 17 which is during the period of peak biomass production. The
study comprised the reach of the river between the Northern DWGNRA boundary, and the Route
206 bridge near Milford, PA. Plant bed areal coverage and densities were measured for the three
dominant rooted aquatic plants: Elodea, Potamogeton, and Vallisneria. Table 4 shows biomass
densities, areal coverage, and total biomass for each type of aquatic plant for 4 regions of the
study reach. Total biomass increased in a downstream direction. Elodea was the most prevalent
of the three plants in each section of the study reach.

Further studies are necessary to determine plant densities in the remainder of the river reach
within the DWGNRA. Biomass measurements will be conducted every 3 to 4 years to note
changes in plant productivity associated with nutrient loadings. These data will be used to
determine limiting nutrient concentrations in both the interstitial water and water column which
promote excessive plant blooms.

Lower Bushkill Creek Watershed Macroinvertebrate Study

A special macroinvertebrate study was performed cooperatively by the Delaware River Basin
Commission, the National Park Service, and the U.S. Fish and Wildlife Service on the Lower
Bushkill Creek Watershed. On August 1 and 2, macroinvertebrate and chemical and physical
water analyses were performed upstream and downstream of the Middle Smithfield (formerly
Fernwood) and Saw Creek (Stoney Hollow) wastewater treatment plant discharges; at the mouth
of Bushkill Creek; and upstream of the Saw Creek confluence in Bushkill Creek.
Macroinvertebrate populations, air and water temperature, dissolved oxygen, BOD, pH,
conductivity, and fecal coliform levels were analyzed. On site physical measurements included
channel width, water depth and velocity, and distance upstream or downstream of discharges.
Results will be presented in a separate report.

Water Quality Model Input Studies

Specific input parameters for the QUAL2EU water quality model were defined in 1989 through
special studies.

12



Biomass:

Upstream end of unnamed
island at Northern
DWGNRA boundary to
downstream end
Mashipacong Island
(River Miles 250.8 to
249.3)

Downstream end Mashipacong
to upstream end Quicks
Island (River Miles 249.3
to 248.8)

Upstream end Quicks Island
to Sawkill Cr. confluence
(River Miles 248.8 to
247.0)

Sawkill Cr. confluence to
Route 206 Bridge (River
Miles 247.0 to 246.0)

IA = Insignificant Amount

Tabl

Plant Genus

Elodea
Potamogeton

Vallisneria

Elodea
Potamogeton

Vallisneria

Elodea
Potamogeton

Vallisneria

Elodea
Potamogeton

Vallisneria

e 4

Avg. Density
(g/sq £t)
T 15.11
12.28
13.21

Northern DWGNRA Boundary To Route 206 Bridge

Approximate
Bedded Area
(sq £t)

2,759

Total Reach Biomass

12.77

4.48

7.01

43,697

7,593

14,029

Total Reach Biomass

23.11
6.96

IA

Total Reach Biomass =

23.11

17.39

IA

174,880
113,600

IA

116,640

42,320

IA

Total Reach Biomass

13

Approximate
Biomass
(grams)

183,673
38,946
36,447

259,066

557,848
34,039
98,295

690,182

4,040,810

790,592

4,831,402

2,695,106

736,032



Channel and water surface elevations were surveyed to verify U.S.G.S. topographic map and Army
Corps of Engineer elevations at several locations in the DWGNRA reach of the Delaware River.
Elevations were measured during low flow at the upstream end of Arrow Island, Kittatinny Access,
Bushkill Access, Dingmans Access, Milford Beach, Route 84 bridge, and the Route 209 (Port
Jervis/Matamoras) bridge. All surveyed water surface elevations were within 1 percent of
interpolated topographic map elevations. These water surface elevations are used to determine
slopes for the water quality model hydraulics.

Orthophosphate, NO;+NO, nitrogen, and NH;+NH, nitrogen were sampled from Port Jervis
Beach to Bushkill Access on June 27. These same parameters were again sampled from Port
Jervis Beach to the Northern DWGNRA boundary on August 30. Changes in concentrations
(decreasing from upstream to downstream) allows the computation of decay (or transformation)
coefficients for input to the water quality model. However, since the existing concentrations of
these parameters in the river are low, the results are invalid due to the limited detection
sensitivity of the analytical equipment. Therefore, additional sampling from Port Jervis Beach to
Kittatinny Access, with the use of more sensitive analyses, is required to accurately depict the
decay coefficients.

Five-day and 20-day BODs were also measured from the Route 209 bridge to Milford Beach and
will be used with baseline BOD data to compute decay coefficients for use in the water quality
model.

Nutrients and BODs were analyzed during the Lower Bushkill Watershed Macroinvertebrate Study.
These results will be included in the study report.

SUMMARY

The 1989 DRBC/NPS Scenic Rivers Monitoring Program evaluated water quality at numerous river
locations and various tributaries. In addition, the program conducted several special studies for
the development of a DWGNRA water quality model, for the initiation of nutrient/aquatic plant
productivity relationships, and for an evaluation of aquatic macroinvertebrate population shifts
downstream of wastewater treatment plant discharges. Overall, water quality was found to be
good to excellent at most sampling sites with many problem sites showing substantial
improvement relative to 1988. Water quality problems were noted, however. These ranged from
persistent problems which have been noted in previous years to problems which may be emerging
as the result of human activities in the scenic rivers area.

14



LIST OF ABBREVIATIONS

DEWA - Delaware Water Gap National Recreation Area, more commonly referred to as DWGNRA
K - Actual value is less than value given

L - Actual value is greater than value given
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APPENDIX A

Delaware River Baseline Monitoring Data:
Selected Water Chemistry and Bacterial Parameters
Air Temperature, Water Temperature,
Dissolved Oxygen, pH, Conductivity,
and Fecal Coliform
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Time of Air Temp H20 Temp D.0. D.0. Sat. pH Conductance Fecal Coli.
Date Day (Cent) (Cent) (mg/1) (&) 1§11 ) (umhos/cm) (%7100 ml)

Delaware River at Poxono RAccess Area, NJ - River Mile 219.4

5/25 1006 20.0 15.0 9.0 89 /.00 6}

613 1139 2.0 2.0 8.3 92 S.NnN o E43
b7 1u45 28.0 <19 8.1 91 £.7S HA 20
JA03 1210 1.0 8.56 100 7.00 o &0
72710 1220 27.0 <4.9 a.? 1n3 7.00 76 1n
719 1039 4.4 22. 8.7 10 7.U0 1 14
72,25 1350 28.0 5.0 8.5 103 7.00 B3 an
e 0v 1215 21.n ?6.0 8.0 a9 7.00 (212 A9
8s 12139 25.5 23.0 7.9 9? 7.25 100 29

Delaware River at Depew Rccess Area, NJ - River Mile 221.2

7719 1136 6.7 12

Delaware River at Halpack Bend, PR - River Mile 226.6

6/2 1010 19.0 21.0 8.4 94 7.00 mn 483
7/18 1033 24.0 21.0 6.7 98 7.50 as 9
Delavare River at Bushkill Rccess Area, PA ~ River Mile 227.9

5/25 1049 26.0 15.10 a.n a9 6.50 54 30
620 1200 25.0 19.1) 8.9 96 7.00 bU

6/23 0835 23.0 21.0 8.2 92 6.75 68 57
7704 1410 25.0 24.0 8.2 a8 7.00 76 38
7/12 1315 22.0 23.0 8.3 97 7.00 en 22
7/16 1244 25.0 21.5 B.6 aa 7.00 a8 20
7426 1215 30.0 26.0 7.7 95 7.00 a2 21
8.0 1325 24.0 24.0 7.7 92 7.00 93 11
8/24 1151 24.0 24.0 8.0 ys 7.00 a8 12

Delaware River at Eshback Access Area, PA - River Mile 232.1

5-/25 1114 30.0 15.0 .1 an 6.50 fxu 23
6/2) 1251 27.0 14.0 9.0 97 5. 50 60 A4
6,29 913 19.0 21.10 8.4 94 7.00 N ey
704 1430 24.13 24.0 8.2 9 6.75 an 601
712 1330 22.0 J4.0 8.5 99 7.25 12 b
7410 1310 27.< 221 3.1 113 7.2 H 14
7S 1230 1.0 JhL5 a.> 1Nz 2,25 (S]] 1)
8102 1340 4.1 24,10 H.4 105 7.50 1em 17
a-24 1222 A4 4.0 a.n 1117 7.50 ik 25
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Time of Air Temp H20 Temp D.O. D.0. Sat. pH Conductance Fecal Cola.
Date Day (Cent) (Cent) (mg/1) & SuU) (umhos/cm) (3/100 ™l

Delaware River at Port Jervns/ﬂatamoras Bradge, NY - leer Mile 254 2]

S/06 nNa1s SNt 12.0 3.u 93 651 tin b4
6423 ng19 ;8.1 SN0 8.b 9B Foam ) 142
(TR 1445 as.n S0 3.2 100 Z.0n S tet
JAU7 0451 22.n A0.0 A2 94 PR L S 396
JA12 03315 det N 22.0 4.4 103 7.0 iy 348
2.24 1565 20.0 o7 .0 .4 118 7.90 3 3l
72 1105 ar.n <5.U 8.2 100 6_50 A SNy
s 1129 <N 6.0 A.6 106 7.0 an 20
g3 1350 28.1 5.4 9.0 109 7250 8 100
H/oA8 1049 21.0 .0 8.3 N Z.00a = 200
8s2:2 1020 24.0 <3.0 Q.2 107 7.00 e 134
30 1042 270 2. 8.9 102 7.00 an 216

Delaware River just south of Port Jervis Beach, NY - River Mile 255.0

813 1325 <6.10 259.9 Q.5 116 7.50 80 32

Delaware River at Port Jervis Beach, NY - River Mile 255.3

707 3937 2?72.0 21.0 g8.3 93 7.00 70 216
7/24 1145 28.5 24.0 3.n 107 7.25 a2 (&3]
7,20 1112 29.0 26.0 g.7 108 72.0N By 1ib
8/113 1300 3n.0 25.0 9.4 114 7.00 80 34
8.-/30 1019 25.0 22.0 8.4 96 7.25 7’8 10
Delaware River at Matamoras RAccess Area, PR - River Mile 256.2

707 0920 27.0 21.0 8.3 A3 7.0 0 (3
724 1230 28.5 4.5 8.9 107 V.25 76 v
J/2R 11153 28.0 27.0 9.2 116 7.50 ah 95
Delaware River at North Port Jervis, NY - River Mile 256.3

77,24 1055 28.5 24.0 B.3 49 2.0N He 0
Delaware River at Millrift, PA - River Mi1le 258.4

5722 1430 2001 8.7 =) 7.0 il 0
62 1150 20.5 3.6 36 J.0Nn ta ]l [
7oNg 0949 251 SN 3.4 2 [P )] St
741 1130 23.1 S0 .1 g9, S 00 [21N] 10

3.4 1145 Q9.1 Sy "o Q7 h. Sl 1 202
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Time of HAir Temp H20 Temp D.O. D.0. Sat. pH Conductance Fecal Cola.

Date Day (Cent) (Cent) (mg/1) (& (1)) (umhos/cm) (2/100 wl)
Delaware River at Pond Eddy, NY - River Mile 265.7
S22 1250 30.0 a0 H.od 95 200 55 8
629 1115 19.0 J.u 8.7 3b 2.00 bil 26
Zeuv 1119 26.11 21.0 8.6 =N .70 R St
s 31 1100 20.0 J0.0 7.9 31 6.50 BN 6
B-24 1110 23.n S0 8.0 aN 6.50 7 b
Delaware River at Pond Eddy, PA - River Mile 265.8
622 1215 25.0 21.0 8.4 94 6.50 55 4R
707 1056 24.0 20.5 8.3 2 6.75 7 (5121
7713 1130 13.0 21.0 7.9 A9 7.00 63 ’
8-1h 1150 30.0 26.U g2 101 7.00 & e
Oelaware River at Sholola/Barryville Bridge, NY - River Mile 273.5
522 1220 38.0 20.0 8.2 an .00 55 6
629 1105 20.0 21.0 8.5 96 7.00 60 2B
7714 1140 23.0 22.0 9.8 1z 72.50 84 12
7731 1035 20.0 2.0 0.4 % V.00 210 7
B/24 1055 1.0 20.0 8.5 94 7.00 80 19
Delaware River at Shoholas/Barryville Bridge, PA - River Mile 273.5
6/22 1120 25.0 21.0 9.3 104 7.00 &N a2
2713 1100 18.0 21.0 8.3 33 7.00 A3 e
7/14 1250 23.0 22.5 9.8 113 8.00 B 0
8716 1130 30.0 26.0 8.8 103 7.50 =10} 8
Delaware River at Narrowsburg Access Area, PA - River Mile 289.8
bs22 0950 25.0 20.U /.8 A6 2.on (S 348
/713 na10 18.0 22.0 8.5 7 7.00 J0 1o
2517 1112 22.10 21.0 7.2 (2] 6.75 HE, 10
27 1630 33.0 2e.0 8.3 106 Z.00 oz 4
816 nas0 270 25.0 8.0 a7 2.5 70 16
Delaware River at Narrowsburg ficcess Area, NY - River Mile 290.0
At 115 JB. 2.0 H. 2 0 b. ol [ K4
29 (LRI 17.5 19.5 7.5 B2 6.5 7 fib
R e 1136 23a.n 25,5 P 81 6.5 ) 4
Jo 1ung 2010 14.0 F D Al 6. 510 7 14
d.-.24 S Wb ] 2400 QUi S0 77 6. bt S 27
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Time of Rur Temp H20 Temp D.0. D.0. Sat. pH Conductance Fecal Cola.
Date Day (Cent) (Cent) (mg/1) 1§79 U (umhos/cm) (8/100 ml)>

Delaware River at Skinners Falls Access frea, NY - River Mile 295.4

S22 1N45 2.0 17.0 9.2 95 7.00 o5 14
620 0330 15.0 4.0 4.3 90 6.50 63 18
?r17 1202 22.8 205 10.3 115 8.00 N b
773 U930 13.0 20.0 8.0 89 7.00 80 26
8.2 0920 20.1) 19,0 8.2 S /.00 &0 21

Delaware River at Damascus RAccess Area, PR - River Mile 298.4

6722 0915 25.11 20.0 6.0 |80 6.50 6t 44
7413 0845 18.0 2i1.0 B.3 32 6.50 63 2]
7417 1325 23.0 2.5 A 107 7.50 a3 10
8-16 nss0 23.1N 24.0 7.0 84 7.00 an 15
Delaware River at Callicoon Access Area, PA - River Mile 303.2

6722 090s 24.0 20.0 8.3 92 7.00 53 56
7713 n[35 17.0 19.0 8.3 a0 6.50 65 16
7,20 1011 19.1N 21.0 7.2 B1 7.00 92 o4
7727 1140 33.0 26.5 8.6 107 7.00 82 22
B/16 0830 23.0 23.0 6.8 79 6.50 B8N 14
Delaware River at Callicoon Access Area, NY - River Mile 303.5

572 1015 28.0 15.0 10.5 104 7.00 63 100
/29 091s 16.0 17.0 8.5k 89 7.00 B84 220
720 1110 14.0 21.0 8.3 93 7.00 a2 26
rdaeTd 1310 35.0 26.5 10.2 127 8.50 100 44
7731 N31% 19.0 19.0 9.5 113 7.00 1n 268
A/24 13200 17.0 17.0 9.0 93 7.00 20 S8
Delaware River at Equinunk/Lordville Bridge, NY - River Mile 321.6

522 n330 28.11 1.0 9.5 94 7.00 45 ps
(29 OH15 14.0 17.0 H.4 87 6.50 o9 <
731 NRZS 20.1) 12.0 8.4 91 6.50 7h 18
8724 Qs 17.4 in. 0 8.3 84 Z.00 65 2
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APPENDIX B

Delaware River Baseline Monitoring Data:
Nutrients and BOD
Total Orthophosphate, Total P,
NO2+NO3, NH3+NH4,
BODS, and BODS-inhibited
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Time of

Delaware River at
0525 1110
813 1130

Delaware River at

g/09 1430

Delaware River at
B/10 1130
8/31

Delaware River at
“/25

g1 1500

Delaware River at

(|
Bl 1300
£/ a0 355

Delaware River at

B30 3435

Delaware River at

[T

Total
Ortho-P Total P NO2+NO3 NH3+NH4

as P as P N-Total N-Total B800S BOOS Inh
(mg/1) (mg/1) (mg/1) (mg/1) (mg/1) (mg/1)

a.n K .01 K u. 20 69

Samithfield Access Area, PA - River Mile 217.9

g.ul K 0.01 ¥k U.1R .33
Dingmans Access Area, PA - River Mile 238.7

a.01 K i1.01 K 0.2% 0.19
Milford Beach, PR - River Mile 246.8

.01 K oy K 0.23 (1. 65
Northern DEWA Boundary, PA — River Mile 250.2

.03 .07 0.29 u. 1t

Route 84 Bridge, PA - River Mile 253.6

Port Jervis/Matamoras Bridge, NY - River Mile

—
-~
J

1.50 0.70

.10 0.0

0.84

.44

254.8

u. 41 U an



APPENDIX C

Tributary Baseline Monitoring Data:
Selected Water Chemistry and Bacterial Parameters
Air Temperature, Water Temperature,
Dissolved Oxygen, pH, Conductivity,

Fecal Coliform, and Fecal Streptococcus
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Time of Air Temp H20 Temp D.0. 0.0. Sat. pH Conductance Fecal Coli. Fecal Strep
Date Oay (Cent) (Cent) (mg/ 1> 0 SuU) (umhos/cm) (#/100 ml) (/100 =l) FC/FS

Cherry Creek Near Route 80 Bridge, PA - River Mile 212.6/0.2

R 1152 N 16.0 3.9 ] 7.50 130 110
bl 14735 28,11 7.0 1.6 99 750 b4 340
b9 1328 28.0 17.0 1.0 104 /.50 1500 200
(S 1205 31.0 168.0 a1 96 7.50 2 4101
sz 1055 25.1 17.5 3.9 99 7.75 1On 270
J10 1115 24.0 13.0 9.1 98 7.25 230 19
R R 1000 21.1 17.0 H4.1 94 8.00 220 224
LS 1148 29.0 20.0 9.6 3G 7.50 240 264
817 1015 22.0 21.0 8.1 91 7.50 200 1008
201 1048 25.0 18.0 3.7 2 7.50 230 352

Brodhead Creek at Route 402 Bridge, PA - River Mile 213.0/0.8

G 1215 <B.0 15.0 9.8 97 700 79 SO0
612 1355 30.0 18.0 9.4 99 7.00 9a 1600
613 1343 29.0 18.0 3.1 %6 7.50 90 200
626 1110 29.1 18.0 7.8 a3 7.25 135 500
Fou3 1040 2510 1.0 9.5 1m 7.90 130 200
70 1045 24.0 19.0 6.8 95 ?.25 1a 320
7413 1044 22.2 14.0 9.7 103 7.00 140 370
25 1130 30.0 21.5 9.2 104 7.50 130 530
8,07 1030 22.0 21.0 8.2 92 7.00 140 380
8,21 1024 24.0 19.0 H.6 93 7.00 140 370
Marshalls Creek at Minisink Hills Bridge, PA - River Mile 213.0/0.7/0.2
S st 1230 3.0 18.0 9.5 101 700 =) 114
Hole 1405 3013 V.0 9.7 1a1 J.5u 102 14
6420 1105 16.0 3.2 93 V.25 9 a2
6t gass 23.0 18.5 8.9 5 7.25 13N B
7AN3 10,3 0.0 17.5 2.5 99 J.o0 140 <
S0 10.°0 2310 19.0 3.9 96 7.950 1300 o4
7510 11144 2006 2.5 9.k 101 740 150 54
2725 11U i 21.0 4.2 103 750 140 2U
8,17 9.0 23.1n 1.0 8.4 34 750 13h 86
3ol (a4 Y 19.0 B.r 93 .50 170 b
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Time of Air Teap H20 Temp D.0. 0.0. Sat. pH Conductance Fecal Coli. Fecal Strep
Date Day (Cent) (Cent) (mg/1) &) (SU) (ushos/ca) (8/100 m»l> (I/IOD ml) FC/FS

Shaunee Creek at Qesort Parklng Lot, PA - River M:le 2l4. 4/0 2

5725 1252 33.0 20.0 e 99 8.00 13n 36
6512 14295 31.U 21.0 8.5 96 a.non 210 <50
620 1115 25.0 13.10) H.5 9 8.u0n 210 296
6/268 1000 24.0 21.0 8.1 91 7.90 220 190
703 0943 26.0 19.5 6.6 4 B.25 240 250
7510 U430 24.0 22, 0.2 94 8.0n 210 150
716 1100 22.0 18.0 8.9 94 ’.00 300 f16
et 1020 29.0 21.5 B.2 93 8.50 2110 1268
8.8 0330 17.0 17.0 9.0 93 6.00 240 &n
8-21 0s0R 24.0 19.0 8.5 92 8.00 280 203

Pahaquarry Creek at Old Mine Road Bridge, NJ - River HMile 219.4/0.1

619 1153 25.0 13.0 10.2 97 6.50 25 8

Van Campens Brook at 0ld Mine Road Bridge, NJ - River Mile 220.1/0.2/72.3

1111 9.6 17.5 3.1 95 72.00 an )

O

771

Flat Brook at Old Mine Road Bridge, NJ - River Mile 225.3/0.5

525 0340 19.0 15.0 G.1 an 7.9N0 80 150

612 1103 23.0 16.0 .6 a7 7.50 120 ()

6193 1105 28.0 7.0 9.3 96 7.00 105 7

627 1145 27.0 20.0 16.2 112 8.50 180 eR

7/N3 1340 3N.0 20.0 10.6 117 9.0 230 2

7710 1340 29.0 21.0 9.3 110 8.0 220 24

19 1209 25.6 13.5 10.2 111 8.5 250 el 160 .08
7725 1420 31.0 22.0 9.7 111 8.50 230 a2

807 1240 2.0 21.0 B.6 97 8.0n 240 ER

S | 1348 2H.0N 21.0 9.7 1n9 9.00 S 14

as23 1130 5.0 21.0 a.v 109 &. 0N 215 44 108 n. 3t



6T

Time of
Day

Air

Temp H20 Temp

(Cent) (Cent)

D.O.

(mg/1)

D.0. Sat.

%)

pH
(§=t1)

Flat Brook at MWalpack Center Bridge, NJ - River Mile 225.3/7.2

S/25
[S98 P
6193
627
7403
7A10
2713
7429
8,07
Hs21

o
Pt

0910
1020
a7z
1300
1405
1400
1230
1445
1400
1412
105k

Bushkill Creek at

525
b 20
6.2
2204
7712
7718
772h
8,00
B8-/24
3,731

Little Bushkill Creek Near

G259
B2
tS2H
714
212
s B
7026,
R.0A
6.24
H. 31

1038
1410
1140
1354
1300
1229
1200
1315
1137
1200

1027
1315
1030
1230
1t45
1214
135N
1170
112a

1150

Route

15.0 13.0

14.0
6.0 15.0
30.0 18.0
26.0 13.0
28.0 21.0
27.2 19.0
26.0 21.0
20.0 20.10
28.0 21.0
27.0 19.0

.
9.
9.
9.
i1.
1n.
1a.

11.
9.

DIV Dy D g

87
93
i
99
1.9
117
110
111
99
126
104

-d

7.00
.on
.na

.

oo

88DDDC)DC&

D ODDDDD NN

209 Bridge, PR - River Mile 226.9s0.7

24.0 14.0
260 20.0
23.0 21.0
25.0 22.0
22. 20.5
23.9 19.0
23.0 23.5

20.0
21.5 20.0
25.0 20.0

22.0 15.0
<6.0 20.0
22.0 20.5
<6.0 20.0
23.0 18.5
23.9 13.0
281 23.0
220 17.0
21.5 191
25.0 17.0

o D

SPODLBDDOW

LDLDITTLD

ren T

= NI NNT —~D

TN oW

92
a9
89
a4
a4

102
93
£

E]
5

L@

g2y

NN NN NN

QONNDO N
ScLunaoouv

2

6.00
6.50
6.5/
6.50
6.75
6.50
6.50
.50
6.75
6.50

Conduct ance
(umhos/ce)

52
60
40

3

Fecal Col1.

10R
144
I
133
b
74
116
62
146
58
i =

37
&4
80l L
46
27
1300

20
arz

Bushki1ll Creek Confluence, PA - River Mile 226.9/0.8/0.1

—
— 0

Fecal Strep
(8/100 ml)

FC/FS

36

w
:



23

Time of Air Temp H20 Temp D0.0. 0.0. Sat. pH Conductance Fecal Coli. Fecal Strep
Date Day (Cent) (Cent) (mg/1) 2> 161 (umhos/ca) (/100 ml) (8/100 ml) FC/FS

$/25 0354 20.0 15.0 Q7 96 6.50 B 3
€20 1 356 27.0 2N. 0 9.0 a3 6.50 34 3
€/28 1115 23.0 21.0 H.3 a3 6.50 48 18
704 1320 26.0 2.0 B.4 96 6.75 38 6
Yl Ve 1235 22.0 20.5 8.8 9 6.75 40 12
718 1137 25.6 13.0 9.1 ag 6.75 40 135
g ) 1130 28.0 2.0 8.1 a3 6.75 37 11
806 1150 0.0 19.0 8.9 =) 6.75 39 113
8,24 1111 5.5 20.0 9.8 97 6.50 42 17
Sauw Creek Mear Bushkill Creek Confluence, PA - River Mile 226.9/3.3/0.1
5725 1014 21.0 13.0 .9 d4 6.50 30 14
6,20 1340 26.0 18.0 9.1 =) 6.50 39 o
6/28 1043 <30 20.0 5.1 89 6.75 50 358
7,04 1310 28.0 20.n 8.4 93 6.75 54 son L
712 1215 23.5 19.0 8.7 a4 6.75 €5 492
7’18 11493 £3.3 13.0 9.1 a8 7.00 94 772
7/26 P 30.0 22.0 8.1 a3 6.75 36 112
808 1135 20.0 17.0 9.4 97 7.00 62 8ao0 L
B/24 1100 25.5 1R.5 6.9 95 7.00 S7 Sb
8,31 1en 24.0 17.0 9.2 a5 6.80 40 52
Dermark Creek at Route 209 Bridge, PA - River Mile 227.9/0.2
7523 1113 6.0 17.0 9.2 a5 7.00 85 11
Toms Creek at Route 209 Bridge, PR - River Mile 230.4/0.3
5/25 1100 25.0 12.0 in.2 a5 6.50 35 9
6220 1233 2413 15.0 10.0 a3 6.50 40 Zh
6/28 1225 21.0 17.0 9.6 <9 6.75 418 A1
7-N3 095R 22.0 1511 q.4 a3 Z.00 S0 4
711 1005 c9.0 180 1.0 a5 7.00 L 2
7218 1119 15.0 3.6 ) 7.00 51 5
7.5 1134 o4.n 19.0 a1 ah 6. 50 59 f
8417 1110 4.0 17.0 9.1 14 6.80 50 11
621 1145 RCRL 17.0 9.4 947 7.0n 50 o



1€

Time of
Day

Air Temp

(Cent)

Toas Creek at DEWR Boundarg,

S/25
620
=¥ é‘ B
703
7ol
7140
25
|07
821

1200
1307

250
1035
1113
1140
1143
1140
1155

SISV SR TN N NS

DN W—~N—= &l
o e I cn Y el o I e e B e R

H20 Temp
(Cent)

0.0. D.0. Sat.
(mg/1) 23

PR - leer Mile 230 4/2.7

13.0
15.0
1.5
1~.0
0.0
6.0
1'3.0
19.0
18.0

1 5
)
s
“3
36
99
35
98
97

-—
—

DT OO L0
F) = QDN D~y

£

pH
(SuU

NN

)

.50
.00
.75
.50
.0u
.50
.50
.an
.00

Conduct ance
(umhos/ca)

32
35

s
o]
50

-
o

S0

-
&7

55

49

Brodhead/Hellers Creek at Route 209 Bridge, PA - River Mile 233.1/0.4

7725

1027

Hornbeck Creek at

5,25
621
6/29
7403
7711
7718
7525
8,07
B8,21

1237
13432
0856
0937
0948
10012
1014
1055
1125

Hornbeck Creek at

525
6220
2:03
cA11
7718
7,25
8.-07
H,21
H. 31

1224
1330
1120
1100
1150
1245
1245
1300
123%
1325

25.

0

19.0

8.7 94

6.

Route 209 Bridge, PA - River Mile 236.4/0.4

28.
25.
18.
-0

21

29.
.0
27.
=
29.

21

)
n
1}

0
n

0
0

ic.0
19.0
12.0
18.0
21.0
i7.0
21.0
21.0
20.0

7
6
97
93
94
a8
8
100
93

:.CGDCD\DCDGL‘\DCD&D
CLTNNaEaDNOT

DEWA Boundary, PA - River Mile 236.4/2.1

30.
26,

0
n

<00

28.
28.
24.
7.0
.0

>
27
)

<

B,

1
2

0
0
n

0

.0

PINIPITI NG By PN M) e
COoOooOoOOODOD

PO iw AW =N m

H. 4 H3
7.4 a5
8.6 a7
5.4 63
5.3 b4
6.2 Fl
Q.5 h7
h.6 )
o2 7
6.6 T

NN NN N NN O

coooppoCoC OO

S0

QIO
OO0

o2
=0

.50
.on
.50
.50
.50
.50
.00
30
00
.50

55

43
60
65
”n
75
70
70
a0
70

SN
60
74
a0

85
681
91

2
P}

arn

Fecal Coli.
(./100 ml)

31
23

26

36
11

13

36
44
64
34
SE
20
14
14
an

-
-

Fecal Strep
(8/100 ml)

FC/FS



(4

Time of Air Temp H20 Temp D.O. D.0. Sat. pH Conductance Fecal Coli. Fecal Strep
Date Day (Cent) (Cent) (mg/1) %) (6T} (ushos/cm) (8/100 ml) (%/100 ml) FC/FS

5425 1248 29.n 16.0 9.7 8 6. 50 35 &
620 1355 26.0 16.0 a.u as &.50 50 a7
6429 1015 19.0 17.0 A.F a9 6.75 66 16
7403 Ut 19.0 18.0 8.5 “A0) 6. 50 60 19
711 0932 30.0 20.0 CRE a2 7.00 €0 23
7/14 0945 22.0 18.0 8.6 41 6.50 54 3
7025 1002 27.0 21.0 8.4 a4 6. 60 51 27
8/07 1041 22.0 21.0 A6 az 6.8U &0 11
821 1105 27.0 20.0 8.7 a5 6. 00 S0 3

Dingmans Creek at DEWA Boundary, PA - River Mile 239.2/3.5

5,25 1313 28.0 17.0 9.6 99 &.50 aa 7
B20 1424 5.0 21.0 8.6 a7 6.50 40 13
6./29 1145 20.0 21.0 9.0 101 6.50 45 11
7403 1135 29.0 23.0 7.7 <0 &.50 sn )
IZ4AR! 1210 29.0 24.0 7.5 a9 7.00 s0 13
7/18 1315 27.0 21.0 9.5 1nz 6.50 50 <1
725 130¢, 28.0 25.0 8.1 a8 6.50 35
807 1325 21.0 23.0 8.¢ 96 6.50 45 35
B/21 1254 28.0 22.0 8.4 a6 6.80 40 22
Adams Creek at Route 209 Bridge, PR - River Mile 240.3/0.2
703 1030 17.0 18.0 9.3 Y 6.50) S0 2
Raymondsk1ll Creek at Route 209 Bridge, PA - River Mile 243.9/0.3
5429 1342 26.0 16.0 9.7 a8 6.50 s <4
622 1025 27.0 20.0 H.59 4 6. 50 49 a7
6/29 1105 15.1 17.0 £.6 Ha 6.75 54 o
7/ 03 17.0 19.0 a.qa =T 6.5 an o7
s 0855 <H.0 21.0 y.0 ail J.00 51 £
2-18 0919 22.0 18.0 9.4 a9 Z.0N SO 3
P25 o920 S4.1 21.0 B.7 =g 6.50 50 1u
017 1a1s S3.0 22.0 12 M 160 . 8N an 1+4
82 1u40 2H.0 20010 B.d uz b. a0 4t Il



ge

Time of Air Temp H20 Temp D.O. D.0. Sat. pH Conductance Fecal Coli. Fecal Strep
Date Oay (Cent) (Cent) (mg/1) %) S (ushos/cm) (3/100 al) (8/100 al) FC/FS

5525 1332 28.10 le. 0O 9.3 99 €.00 35 10
623 1046 26.0 Q0.0 8.1 89 6.50 S0 55
629 1230 ;0.0 0.0 H.9 98 6.50 40 16
/03 1210 29.0 22.U 7.9 91 6.50 S0 10
Fay! 1235 27.0 23.0 7.5 a8 7.00 SN 8
771R 1345 - 25.0 210 A.G 96 6.50 50 11
7029 1319 7.0 23.0 8.4 J8 6.50 51 13
8.u7? 10010 22.0 23.0 6.1 95 6.50 50 11
8,21 1030 26.0 20.0 8.8 97 6.50 45 5
White Brook at Route 521 Bridge, NJ - River Mile 245.8/0.6
b2 1000 26.10 12.0 10.7 99 8.00 220 22
Shimers Brook at Route 521 Bridge, NJ - River Mile 246.6/0.7
5726 1015 27.0 19.0 8.5 92 7.50 110 268
6723 0940 27.0 22.0 8.2 94 8.00 195 22
6,27 1345 32.0 25.0 7.6 92 8.00 200 8
207 1039 28.0 24.0 7.8 93 8.00 240 15
712 1030 21.0 22.0 8.8 101 8.00 250 8
7526 1156 27.0 24.0 B.2 38 8.00 310 S
&.-03 1133 19.0 19.0 8.8 a5 8.00 290 3
8-22 1050 24.0 20.0 9.1 100 8.00 290 4
Sawkil]l Creek at Route 209 Bridge, PR - River Mile 247.0/0.3
526 1045 23.0 16.0 9.5 96 7.00 50 158
523 (BRI 268.0 19.0 B.8 95 7.00 51 b4
bs29 1311 23.0 18.0 9.8 104 7.00 60 a
7707 1124 29.0 20.0 8.8 a? 7.00 64 41
7512 1102 23.0 17.0 10.0 104 7.0 20 b
726 130 1.0 22.0 a.6 993 /. ) 80 29
808 1200 4.0 17.0 9.3 96 7.00 75 9
Bs22 1113 24.1 18.0 H.7 104 7.00 B 3



Time of FAir Teap H20 Temp D.O. D.0. Sat. pH

(Cent) (Cent) (mg/1) (D) s

5726 1100 21.5 13.0 9.9 a4 6.50
723 1125 2R.0 1.0 ) a7 6.510
629 132N 23.0 15.0 1.6 105 7.00
Fd i e 1138 29.0 16.0 3.4 a5 7.0
241 1115 22.0 14.0 100, 4 101 7.n0
7o2h 1312 29.0 1.0 Q.9 103 Z.00
8,08 1210 21.N 14.0 10.0 97 7.00
Cusains Creek, PR — River Mile 250.1/0.3
7712 0850 22.0 14.0 10.6 103 6.50
e-o8 0923 20.0 14.0 1001 93 7.00

Neversink River at Route 6 Bridge, NY - River Mile 253.6/0.6

526 09401 25.0 17.0 8.1 84 6.50
623 0912 27.0 21.0 7.5 84 7.00
6,27 1420 30.0 22.0 7.8 a9 6.75
707 1009 28.0 21.0 7.7 87 7.00
7712 0956 21.0 22.0 7.4 a5 7.00
7726 1122 29.0 25.0 7.3 A9 6.50
8.-08 1105 21.0 20.0 7.7 85 7.00
B8-22 1030 26.0 2.0 8.1 93 7.00

Mongaup River at Route 97 Bridge, NY - River Mile 261.1/0.2

7207 1038 27.0 17.0 8.3 92 6.50

Conductance
(umhos/cm)

Sil
51
65
71t
80
100G
3%

69
res
70
[0
100
120
95

Qg

B8O

Fecal Cola.

7
130
1545
240

EIB

62

20

21
79

38

18n
124
132
142

S6
128

Shohola Creek at Railroad Bridge Near Delaware River Confluence, PA - River Mile 273.2/0.2

r¥di T 1353 27.0 23.0 8.2 gL 6.50
7714 1330 23.0 21.0 8.8 93 6.75

Halfway Brook at Route 97 Bridge, NY - River Mile 273.4/0.2

7220 14ln 2.0 18.0 3.1 96 6.75

Lackawaxen River at Route 590 Bridge, PA - River Mile 277.7/0.3

»

.-

(R}

So07 1321 260
7o14 1445 ]

o0
(ee)

2 3.9 e 7.0N
2 5 1S 7.5

42
64

100

-
DK

=

Fecal Strep



SE

Time of Air Temp H20 Temp D.0. 0.0. Sat. pH Conductance
Date Day (Cent) (Cent) (mg/1> %) 1=\ 1) (umhos/cm)

5522 1200 28.0 22.0 9.7 106 6.50 20
€29 1028 16.5 15.5 a1 91 6.50 s

Narrow Falls Brook at Route 97 Bridge, NY - River Mile 280.0

7427 1700 24.0 20.0 8.5 4 6.75 ‘7

Masthope Creek at Railroad Bridge Near Mouth, PR - River Mile 282.5/0.1

217 1028 23.0 18.0D 9.2 7 /.00 60

Tenmile River at Route 97 Bridge, NY - River Mile 2084.2/1.4/0.1

7/07 1205 22.0 . 94 6.50 64

Atco Creek at Route 652 Bridge, PA - River Mile 289.6/0.5

6,22 1000 22.0 19.0 8.6 33 6.50 50
7413 0925 18.5 17.5 9.3 97 6.50 52
8-16 1000 27.0 20.0 8.3 92 6.50 el
Callicoon Creek at Route 97 Bridge, NY - River Mile 303.6/0.3

72720 1N40 19.0 19.0 a.7 94 7.00 110

Little Equinunk Creek Near Delaware River Confluence, PA - River Mile 312.7/0.4

7713 1530 20.0 12.0 6.3 an 7.00 55

Equinunk Creek at Route 191 Bridge, PA - River Mile 322.5/0.4

7413 1445 20.0 19.0 6.1 Be 6.75 b

Factory Creek at Route 191 Bridge, PA - River Mile 322.6/0.2

on

Z-13 14311 201 1n.u 8. i 6.75 44

Fecal Cola.

17

70

12

1378

18

Fecal Strep



APPENDIX D

Tributary Baseline Monitoring Data:
BODS and Flow

36



LE

Time of BODS Flow
Date Day (mg/1) (cfs)

G719 118.4
2725 1148 1.67
3704 26.5

Brodhead Creek at Route 402 Bridge, PA - River Mile 213.0/0.8

2725 1130 1.22

Marshalls Creek at Minisink Hills Bridge, PA - River Mile 213.0/0.7/0.2
5/19 167.9
B/04 17.6
Shawnee Creek at Resort Parking Lot, PA - River Mile 214.4/0.2
&/19 43.3
7425 1020 1.55
Van Campens Brook at 0ld Mine Road Bridge, NJ - River Mile 220.1/0.2/2.3
5713 48.5
Luso4 22.0
Bushkill Creek at Route 209 Bridge, PA - River Mile 226.9/0.7

8/31 1200 1.24

Little Bushkill Creek Mear Bushkill Creek Confluence, PR - River Mile 226.9/0.8/0.1

8,04 43._1)
107068 £3.8

GSaw Creek Near Bushkill Creek Confluence, PA - River Mile 226.9/3.3/0.1

331 1n L. 44



8€

Time of B00S Flow
Date Day (mg/1)> (cfs)

505 13.1
£-04 4.3
Hornbeck Creek at Route 209 Bridge, PA - River Mile 236.4/0.4

5,05 19.
100,05 16.

oo

Hornbeck Creek at DEWR Boundary, PA - River Mile 236.4/2.1

8,31 1325 1.21

Dingmans Creek at Route 209 Bridge, PA - River Mile 239.2/0.5
6,08 3IB.9

9,29 55.5

Raymondskill Creek at Route 209 Bridge, PA - River Mile 243.9/0.3

5724 140.0

Shimers Brook at Route 521 Bridge, PA - River Mile 246.6/0.7

9,29 19.5

Sawkill Creek at Route 209 Bridge, PA - River Mile 247.0/0.3

S/04 60.9

Vandermark Creek at Route 209 Bridge, PA - River Mile 247.3/0.1

S8 3.3



6t

Time of B00OS Flow
Date Bay (mg/1) (cfs)

S04 4
HO05

~d Ty
(SRl

Neversink River at Route 6 Bridge, NY - River Mile 253.6/0.6

k21 0.50

York Lake Falls at Route 97 Bridge, NY - River Mile 278.3/0.1

7231 1100 g.0
8/24 1015 0.0



APPENDIX E

Daily Precipitation Data
For Selected Stations
May Thru September, 1989



Daily Precipitation Data 1989

ok ok Akokhk ok Ak kR Precipitation (1N.) **khkxkbahnrhtrtrsr

Date Equinunk, PA Matamoras, PA Stroudsburg, PA
5/01 ---- --~-- : 0.03
5702 2.04 0.55 1.43
5/03 0.03 0.65 T
5/04 T ---- T
5/05 ---- ---- 0.43
5706 2.49 1.95 2.56
5/07 0.50 0.15 0.44
5/08 0.10 T 0.01
5/09 ---- -—-- T
5710 0.23 0.19 1.29
5711 1.10 1.65 0.30
5/12 0.15 0.04 0.12
5713 0.02 T 0.06
5/14 --=- -=-- 0.02
5715 0.19 0.06 0.03
5/16 0.04 ---- 0.85
5/17 0.80 2.25 0.61
5718 ---- 0.02 ----
5/19 -—-- -—-- ----
5720 ---- -——-- ----
5721 0.02 ---- ----
5/722 T ---- ----
5/23 ---- ---- 0.29
5/24 0.35 0.47 0.53
5725 --=- 0.70 0.01
5726 ---- T 0.03
5727 0.09 T 0.12
5/28 T 0.13 ----
5/29 ---- ---- ----
5730 ---- ---- 0.07
5731 0.02 0.15 0.06
Monthly
Total = 8.17 8.96 9.29
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dede A deode dok oot ode ok precipitation (1N.) *hkdedadrdhrhhhdnnr

Date Equinunk, PA Matamoras, PA Stroudsburg, PA
6/01 0.02 --=- 0.06
6/02 0.12 ---- --=-
6/03 -—-- ---- -————
6/04 0.12 -=-- 0.02
6/05 0.02 ---- T
6/06 0.51 ---- 0.43
6/07 0.28 ---- 0.96
6/08 0.28 ---- 0.13
6/09 T ---- 0.36
6/10 0.64 ---- 0.88
6/11 -=—-- === ' ==
6/12 ---- ---- -
6/13 0.45 ---- 0.58
6/14 0.02 ---- 0.07
6/15 1.05 ---- 0.29
6/16 0.21 ---- 1.16
6/17 0.44 ---- 0.33
6/18 0.02 ---- T
6/19 T --=- -
6/20 -—-- ---- ----
6/21 0.22 ---- 0.17
6/22 0.07 ---- 1.16
6/23 ---- ---- 0.02
6724 0.49 ---- 0.16
6/25 0.13 ---- ----
6/26 ---- ---- ----
6/27 --——— --=- ==
6/28 0.14 ---- 0.08
6/29 0.03 -—--- 0.45
6/30 ---- ---- ----
Monthly
Total = 5.26 ---- 7.31
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wamwsxsarxssx Precipitation (in.) =
Date Equinunk, PA Matamoras, PA St:

7/01 ---- ----
7/02 ---- ----
7/03 —--- - --
7/04 ---- ——--
7/05 1.75 0.52
7/06 0.07 0.46
7/07 0.12 ---- 0.
7/08 0.57 0.13 0.t
7/09 —--- - ——--
7/10 —--- ---- S
7/11 0.34 T T
7/12 ---- ---- T
7/13 ---- T 0.02
7/14 T -—-- -—--
7/15 ---- ---- ——--
7/16 ---- ---- 0.44
7/17 0.11 T 0.21
7/18 ——-- ---- -—-
7/19 —--- ---- ——--
7/20 0.06 ---- 0.76
7/21 1.07 0.44 0.01
7/22 0.01 T 0.33
7/23 0.04 0.18 0.74
7/24 ——-- ---- ----
7725 ---- -—-- 0.19
7/26 -—-- ---- 0.01
7727 - R T
7/28 0.50 0.15 T
7729 T ---- ----
7/30 —--- —--- ----
7/31 ---- 0.03 0.11

Monthly
Total = 4,64 1.91 5.12
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R E R E R EE R X B2 Precipitation (1N.) Rk kddhhdhdhhdntrsh

Date Equinunk, PA Matamoras, PA Stroudsburg, PA
8/01 0.04 1.73 0.18
8/02 - ---- ~——-
8/03 0.28 0.33 0.34
8/04 ---- ---- ----
8705 0.35 0.04 0.24
8/06 0.50 0.10 1.12
8/07 0.75 ---- 0.07
8/08 ---- T -
8/09 ---- -—-- --- -
8/10 ---- ---- -—-—-
8711 ---- 0.04 0.07
8/12 0.14 0.65 .58
8/13 0.82 0.51 1.94
8/14 T 0.16 0.06
8/15 --=- ---- 0.06
8/16 ---= ---- 0.06
8/17 -—-- 0.03 _———-
8/18 --=- ---- -—--
8719 ---- T 0.42
8/20 1.11 0.24 0.10
8721 0.01 ---- 0.01
8722 - - ----
8/23 ---- 0.13 0.26
8/24 ---- T ----
8/25 ---- ---- ----
8726 ---- ---- ----
8/27 ---- ---- ----
8/28 ---- -~-- T
8729 ---- ---- 0.04
8730 0.34 0.52 T
8731 ---- -—-- -
Monthly
Total = 4.34 4.48 5.55



Date

9/01
9702
39/03
9/04
3/05
9/06
9/07
3708
9/09
8/10
9/11
9/12
9/13
S/14
9/15
9/16
9/17
8718
9719
9/20
9/21
9722
9723
9724
9/25
9/26
S/727
9/28
9/29
9/30

*xaxkxxkkx*xx***x Drecipitation

Equinunk, PA

0.23

Monthly

Total

T = Trace,

= 4.35

Matamoras, PA

0.11
0.07
1.97

3.72
0.82
0.22
0.38
0.26
0.45
0.71

8§.71

an amount too small to measure.

(inN.) **d*x Ak vkt htnnntrn

Stroudsburg, PA

T
T

0.14
0.22
1.69
1.63
2.04
0.47
0.17
0.47
0.11
1.09

Daily measurements are based on total precipitation as of

8:00 a.m.

From:

for each date listed.

National Oceanic and Atmospheric Administration.

Climatological Data,

Pennsylvania.

45

May thru Sept. 1989.
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