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Executive Summary

Introduction: The Lower Delaware is a 76-mile reach of the Delaware River extending from just below the Delaware
Water Gap at Portland, PA (River Mile 209.5) to Calhoun Street Bridge at Trenton, NJ (River Mile 134.3). In 2000, federal
legislation was enacted adding key segments of the Lower Delaware and selected tributaries to the National Wild and
Scenic Rivers System. This designation was followed in April 2001 with a petition to DRBC from the Delaware
Riverkeeper Network to classify the Lower Delaware as Special Protection Waters (SPW). In 2008, the DRBC by
unanimous vote (DRBC 2008) added the Lower Delaware to Special Protection Waters as Significant Resource Waters,
and adopted Existing Water Quality definitions for specific control points.

In partnership with the National Park Service (NPS), the Delaware River Basin Commission established the Scenic Rivers
Monitoring Program (SRMP) to define the water quality for this reach of the river and assess any measurable changes to
these high quality waters. The NPS administers a Lower Delaware Management Plan created for the Wild and Scenic
designated reaches of the river. DRBC monitors the Lower Delaware, and is the lead agency for the first objective of the
NPS management plan: to maintain existing water quality and to improve it where practical. The NPS management plan
objective slightly differs from that of DRBC water quality regulations, which is to prevent degradation of water quality
unless toward natural conditions.

Implementing the No Measurable Change management policy requires a periodic assessment of the water quality

conditions of the Lower Delaware at specific control points in the main stem river and at the confluence of tributaries to
the main stem. The existing water quality at the time of the SPW designation at these points was established as
medians and upper and lower 95" confidence intervals for 20 parameters using a data set from 2000 through 2004. The
current assessment utilizes data collected over three years from 2009 through 2011.

Monitoring Design: DRBC collected water quality samples for parameters in the DRBC water quality regulations from
May through September at fixed sites called Control Points in the Lower Delaware River corridor from 2009 to 2011,
with sampling targeted bi-weekly or monthly for a total of 5-10 samples per season at each location. This design
resulted in a total of 15-30 samples during the study period. The control points were designated as Interstate Control
Points (ICP’s) if the point was located on the main stem of the interstate Delaware River, or as Boundary Control Points
(BCP’s) if they were located on tributaries in New Jersey or Pennsylvania near the confluence of each tributary
watershed with the river. ICP’s are monitored to document longitudinal water quality changes along segments of the
Delaware River. BCP’s are monitored to document watershed influences upon the Delaware River, and to measure
water quality changes that occur in watersheds between the time periods.

Assessment Methodology — generalized approach: One of the important objectives of this study was to establish a
replicable and dependable assessment methodology for identifying water quality changes that constitute “measurable
change” as defined in DRBC water quality rules. The assessment methodology included in this report is graphical plots
and statistical tests along with watershed characteristics to provide qualitative and quantitative assessments of
measurable change. This report includes chapters for each of the ICPs and BCPs that describe in detail the information
used in the assessment.

Summary of Assessment Results: A tabular summary of the assessment at each control point is presented in a matrix.
No measurable change took place for 17 out of 20 parameters tested at almost all control points in the 2009-2011

assessment period. These include general water quality parameters such as alkalinity, hardness, pH, dissolved oxygen,
temperature, turbidity, dissolved and suspended solids, all nutrient forms (ammonia, nitrate + nitrite, total nitrogen,
total phosphorus, and orthophosphate), and 2 of 3 tested bacteria parameters (Enterococcus and Fecal coliforms). It

e —
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should be noted that all seven of the parameters including all nutrient parameters that are evaluated for wastewater
treatment facilities are included in this group.

Measurable change toward degraded water quality conditions was detected for three parameters: chlorides and specific

conductance at almost all sites, and for E. coli at sites from Nishisakawick Creek in Frenchtown, NJ (River Mile 164.1) and
downstream.

Recommendations are included in the report for future monitoring and policy considerations.
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Abbreviations

#/100 ml
BaSE
BCP:
CDF:
CFS:
DAW
DO:
D0%:
DEWA
DRBC:
DWGNRA
EWQ:
ICP:
LDEL:
MCP:
mg/|
N+N
NMC:
NJDEP:
NJDOH-ECLS
NPS
NWIS
OP:
PADEP:
Post-EWQ:
QAPP
QA/QC
SpC:
SPW:
SRMP:
TDS:
TKN:

TN:

TP:

TSS:
UDSRR
pumho/cm
UPDE
USEPA
USGS:
WQN:

Colonies per 100 milliliters, a unit of bacteria concentration

Baseline Streamflow Estimator (USGS computer application)

Boundary Control Point: A fixed monitoring location on a tributary to the Delaware River.
Cumulative Distribution Function

Cubic Feet per Second

Drainage Area Weighting

Dissolved Oxygen

Dissolved Oxygen Percent Saturation

Delaware Water Gap

Delaware River Basin Commission

Delaware Water Gap National Recreation Area

Existing Water Quality (defined during 2000-2004), the baseline water quality data
Interstate Control Point: A fixed monitoring location on the Delaware River

Lower Delaware (Delaware River mile 134.3 at Trenton to mile 209.5 at Portland)
Monitoring Control Point — a site not meant for rules, but for modeling and diagnostic monitoring
Milligrams per Liter, a unit of concentration

Nitrate plus Nitrite

No Measurable Change, specifically defined in DRBC rules

New Jersey Department of Environmental Protection

New Jersey Department of Health, Environmental Chemistry and Laboratory Services
National Park Service

National Water Information System (USGS water quality data repository)
Orthophosphate

Pennsylvania Department of Environmental Protection

The 2009-2011 test water quality data used to assess water quality changes from baseline
Quality Assurance Project Plan

Quiality Assurance / Quality Control

Specific Conductance

Special Protection Waters

Scenic Rivers Monitoring Program

Total Dissolved Solids

Total Kjeldahl Nitrogen

Total Nitrogen

Total Phosphorus

Total Suspended Solids

Upper Delaware Scenic and Recreational River

Micro-mhos per centimeter, a unit of specific conductance (also uS/cm — micro-Siemens/cm)
Upper Delaware

United States Environmental Protection Agency

United States Geological Survey

Water Quality Network: PADEP’s fixed water quality stations
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Introduction

This document contains a discussion of water quality changes at each Special Protection Waters control point along the
Lower Delaware River. At 24 sites located between the Delaware Water Gap and Trenton, NJ (see Chapters 1-24), water
guality was compared between two time periods: the 2000-2004 Existing Water Quality (EWQ) baseline period and the
2009-2011 post-EWQ period, also referred to as the Lower Delaware Measurable Change Assessment Round 1. A matrix
summarizing the assessment is also included.

Appendix A contains site-specific definition of Existing Water Quality at one new Monitoring Control Point location on
the Delaware River (Sandts Eddy Fishing and Boating Access in Northampton County, PA), and at two new Boundary
Control Point tributary watershed locations (Slateford Creek, PA and Lopatcong Creek, NJ). These EWQ definitions are
provided as guidance for evaluation of new or expanding wastewater treatment plants and for consideration for future
DRBC water quality rules.

Appendix B contains brief descriptions of the plots and statistical tests, with notes about interpretation of the plots.
Additional information about the DRBC Special Protection Waters Program may be found here:
http://www.state.nj.us/drbc/programs/quality/spw.html

Appendix C contains a detailed description of our methods for estimating discharge at ungaged locations, and how those
data are associated with the site-specific water quality data.

Program Description

The Lower Delaware is a 76-mile reach of the Delaware River extending from just below the Delaware Water Gap at
Portland, PA (River Mile 209.5) to Calhoun Street Bridge at Trenton, NJ (River Mile 134.3). In 2000, federal legislation
was enacted adding key segments of the Lower Delaware and selected tributaries to the National Wild and Scenic Rivers
System. This designation was followed in April 2001 with a petition to DRBC from the Delaware Riverkeeper Network to
classify the Lower Delaware as Special Protection Waters (SPW). In 2008, the DRBC by unanimous vote (DRBC 2008)
added the Lower Delaware to Special Protection Waters as Significant Resource Waters, and adopted Existing Water
Quality definitions for specific control points. As part of this action, extensive revisions to Article 3 of the Commission’s
Water Quality Regulations were approved to incorporate 24 tables, one for each of the Control Point, defining the
Existing Water Quality (EWQ) at each of the points.

In partnership with the National Park Service (NPS), the federal agency that administers Lower Delaware Wild and scenic
River, the Delaware River Basin Commission established the Scenic Rivers Monitoring Program (SRMP) to define the
water quality for this reach of the river and assess any measurable changes to these high quality waters. This program
also includes components for the Middle Delaware River and Upper Delaware River. The NPS administers a Lower
Delaware Management Plan created for the Wild and Scenic designated reaches of the river. DRBC monitors the Lower
Delaware, and is the lead agency for the first objective of the NPS management plan: to maintain existing water quality
and to improve it where practical. This objective slightly differs from that of DRBC water quality regulations, which is to
prevent degradation of water quality unless toward natural conditions.
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Figure 1: Lower Delaware Monitoring Locations for Special Protection Waters

Monitoring Description

In the SRMP, monitoring sites are classified
as Control Points, which are fixed sites
along the Delaware River corridor:
Interstate Control Points (ICP’s) are
locations on the interstate Delaware River,
and Boundary Control Points (BCP’s) are
New Jersey or Pennsylvania sites located
near the confluence of each tributary
watershed entering the Delaware River.
BCP’s are monitored to document their
influence upon the Delaware River, and to
measure water quality changes that occur
in the watershed between selected time
periods. This report contains the first
assessment of measurable changes to EWQ
in the Lower Delaware (LDEL).

DRBC designed the SRMP to define and
assess changes to site-specific water quality
for as many tributaries as possible with the
following objectives:

1. Covering as much watershed area
as possible: the SRMP currently
encompasses all watersheds of more than
20 square miles in size. This enables DRBC
to evaluate approximately 85% of the
watershed area of the Delaware River Basin
above Trenton with as few sites as possible.

2. Monitor smaller watersheds that

presently or in the future contain dischargers subject to Special Protection Waters regulations (e.g., Slateford

Creek, PA);

3. Monitor smaller watersheds that have been designated as Wild and Scenic by the National Park Service (e.g.,

Paunnacussing Creek, PA);

4. Representatively monitor some small watersheds that possess general water quality characteristics of

physiographic regions or ecoregions along the Delaware River (e.g., Pidcock Creek, PA represents the Piedmont

physiographic region);

5. Within some large watersheds, conduct additional monitoring for construction and calibration of water quality
models (e.g., Lehigh River, PA, Neversink River, NY, and Brodhead Creek, PA).

A complete description of the monitoring program is provided in the Scenic Rivers Monitoring Program Quality
Assurance Project Plan (DRBC 2006, 2009, 2013). DRBC collects water quality samples from May through September in
selected years, preferably sampling bi-weekly for a total of 10 samples per season at each location. This is conducted for

3 to 5-year periods, providing 30 to 50 samples per study period.

Monitoring Station numbering examples

Delaware River Basin Commission
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e For ICPs, ‘Delaware River at Trenton — 1344 ICP’: River Mile 134.4, ICP = Interstate Control Point,

e For BCPs, ‘Paulins Kill River, NJ — 2070 BCP: Delaware River Mile 207.0 at confluence, BCP = Boundary Control
Point

Assessment Approach

Each chapter of this report is organized by site and contains within-site water quality comparisons where Existing Water
Quality (EWQ) was site-specifically defined in DRBC Special Protection Waters regulations. Each chapter starts with a
short analysis of the flow conditions sampled during each study period and possible effects upon the water quality
analyses. For each parameter listed in DRBC water quality regulations (Tables 2C to 2Z) the following plots are shown:

Scatter Plot of Concentration vs. Stream Flow (cfs), EWQ vs. Post-EWQ Monitoring Periods
Scatter Plot of Annual Concentration, 2000-2011

Box Plot Comparison of EWQ vs. Post-EWQ Concentrations

Cumulative Distribution Function (CDF) Comparison of EWQ vs. Post-EWQ Concentrations
Kruskal-Wallis Statistical Test of Difference between EWQ and Post-EWQ Concentrations
Short Discussion of Results

o vk wN e

In this study, the plots are systematically used to qualitatively and quantitatively determine measurable change to
existing water quality, an important concept in DRBC Special Protection Waters rules. The specific definition from DRBC
water quality regulations follows:

“Measurable Change to Existing Water Quality” is defined as an actual or estimated change in a
seasonal or non-seasonal mean (for SPW waters upstream and including River Mile 209.5) or median
(for SPW waters downstream of River Mile 209.5) in-stream pollutant concentration that is outside
the range of the two-tailed upper and lower 95 percent confidence intervals that define Existing
Water Quality.

The definition of measurable change is fairly simple, but some influential variables must be considered in order to make

a fair and accurate assessment with an unbiased conclusion. An original objective of this program was to define EWQ to

represent the full range of hydrologic conditions experienced at that location along the Delaware River or one of its

tributaries. A five-year period (2000-2004) was used to define baseline EWQ. In the Lower Delaware, EWQ was defined
“seasonally” by sampling 10 times within
the annual May to September periods,
and in fact represents very well almost
the entire hydrograph.

The chart to the left indicates that
comparison of the EWQ data set with the
post-EWQ data set is not as simple as

Post-EWQ Period
—

direct statistical comparison of medians

and confidence intervals employed by
the  Kruskal-Wallis  test. Many
parameters are flow related, so

EWQ Period

comparing two time intervals means that

“Normal” flow must be accounted into the analysis.
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That is why the scatter plots are included in this analysis, and why the decision that “measurable change” has occurred is
more of a qualitative judgment rather than a direct quantitative test. Further information is supplied by the box plots
and the cumulative distribution functions, which allow for comparison of the entire data distribution between the two
periods rather than just the median and confidence intervals. All of the plots together, along with the statistical test,
allow for a fairly accurate judgment of measurable change within a replicable decision process.

Significant Findings

No Measurable Change:

Almost universally throughout the Lower Delaware there was no degradation, and possibly may have been improvement
in concentrations of: ammonia, nitrate + nitrite, total nitrogen, Kjeldahl nitrogen, orthophosphate, and total
phosphorus. All told there have been about 140 wastewater projects in Special Protection Waters reviewed and
approved by DRBC since 1992. About 1/3 of the projects are located in the Lower Delaware and were implemented
since the 2005 interim Lower Delaware SPW designation.

There are a few watersheds where bacteria levels apparently declined: Cooks Creek, PA; Musconetcong River, NJ;
Pohatcong Creek, NJ; Lehigh River, PA; Martins Creek, PA; Pequest River, NJ; the Paulins Kill River, NJ; and the Delaware
River near Riegelsville, Easton, and Belvidere. See individual chapters for discussion of each stream.

In Martins Creek, PA, improvements were apparent not only for the above-mentioned parameters but also dissolved
oxygen, dissolved oxygen saturation, total suspended solids, and turbidity. A number of stream restoration and
watershed protection projects were undertaken recently and may have shown tangible water quality benefits. Mr. John
Mauser of the Martins-Jacoby Watershed Association presented a number of case studies, found here:
http://www.dcnr.state.pa.us/cs/groups/public/documents/document/dcnr_002582.pdf

The removal of dams on the Musconetcong River may have provided water quality benefits. Although water quality of
the Musconetcong is still poor relative to the Delaware River, slight improvements were observed in dissolved oxygen
concentration and saturation values, and total suspended solids.

Measurable Change:

Chlorides and specific conductance rose in almost every watershed and at many Delaware River locations. Similar to
other northern locations throughout the U.S. and Canada (Evans and Frick 2001; Kaushal et. al. 2005; Cunningham et. al.
2008; Kelly et. al. 2008; Daley et. al. 2009; Gardner and Royer 2010; Findlay and Kelly 2011; New Hampshire DES 2011;
Hunt et. al. 2012; Cafiedo-Arglielles 2013), the rise may be attributable to winter road salt applications. In a suburban
watershed near the Lower Delaware, Skippack Creek concentrations are reaching levels that allow for growth of
brackish-water algae instead of the expected freshwater species (USEPA and PADEP 2005). Concentrations in the Lower
Delaware are presently well below such effect levels, and meet PA and NJ water quality criteria levels developed to
protect human health. However, it appears that chloride concentrations and specific conductance are increasing.

Specific conductance is largely unregulated and understudied — there are no established ambient water quality criteria
that are relevant to aquatic life, because there are many ions that can make up specific conductance. U.S. EPA published
chloride criteria for aquatic life in 1986 that are applicable in the basin states: the acute criterion maximum
concentration (CMC) is 860 mg/|, and the chronic criterion continuous concentration (CCC) is 230 mg/I (U.S. EPA 1986).
The human health criterion throughout the basin states is 250 mg/|, but may only be applied at water supply intake
locations, not for all ambient waters. Pennsylvania DEP has studied the issue of chloride impacts upon aquatic life, and
recently made recommendations in their triennial review of water quality standards to improve chloride criteria for
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protection of aquatic life (PADEP 2015). Chlorides are naturally present in streams, mostly contributed by geological
formations underlying the streams. So chloride concentrations up to approximately 30 mg/| are expected here. Winter
road salting is proportionally the largest anthropogenic source, is also unregulated, and merits further investigation.
Other man-made sources are smaller in their contributions, and include various industrial effluents, sewage, landfill
leachate, agricultural runoff, and hydraulic fracturing products. Within the DRBC anti-degradation policy structure, these
parameters have shown measurable changes to existing water quality, and not toward natural conditions.

We unexpectedly found that although chlorides and specific conductance increased, total dissolved solids appeared to
decline or stay the same. Upon seeing this, our first response was to question our TDS laboratory methods, because
specific conductance and TDS are expected to respond similarly — as one increases so does the other. We ultimately
could not rule out inter-laboratory differences as the cause for these unexpected results. Although there were never
any undetected TDS results, post-EWQ detection limits were lower than EWQ detection limits. All laboratories used the
same EPA-approved method, but perhaps the overall testing range shifted lower along with the detection limits. This
appeared to happen with several parameters — as detection limits declined, overall the data became less variable,
slightly lower in concentration, and with fewer extreme high values.

Escherichia coli concentrations increased beyond EWQ targets in all watersheds downstream of Frenchtown, NJ except
for the Paunnacussing Creek watershed in Bucks County. High levels of E. coli concentrations have sporadically been
detected based on monitoring data at: Nishisakawick Creek (NJ), Tinicum Creek (PA), Lockatong Creek (NJ),
Wickecheoke Creek (NJ), Pidcock Creek (PA), and at Bulls Island, Lambertville, Washington Crossing and Trenton on the
Delaware River. E. coli concentrations increase with increasing flow conditions.

Analytical Limitations and Sources of Uncertainty in this Assessment

There are several factors that contribute to uncertainty in the data. While these factors are not unique to this study,
they are important to consider as part of the overall comparison between the EWQ and post-EWQ periods. Limitations
and sources of uncertainty are described in more detail below.

IM

Dissimilar hydrological periods: the EWQ period was composed of one “normal” flow year, two low-to-normal flow
years, and two wet flow years. The post-EWQ period contained one normal flow year, one dry flow year, and one very
wet flow year. This presented a problem at Trenton (see Chapter 1), where the Calhoun Street Bridge was closed for the
entire dry 2010 monitoring season. So the Trenton post-EWQ data contain more high flow measurements and less low-
flow measurements than the EWQ data, making direct comparison difficult at that location. There were a few other
locations where wet or dry-weather samples were under-represented in the post-EWQ data, and those circumstances
are noted in each chapter. This limitation is not deemed severe as long as flow is accounted into the analysis so that

flow effects are recognized, if not fully controlled.

Future solution: for future assessment rounds, best attempts should be made to: 1) monitor for a minimum of three
years at a rate of 10 samples per May to September season; and 2) classify samples on the flow duration curve for each
site; then decide if additional monitoring (up to two additional years) might provide the most representative balance of
low, normal and high-flow samples. This would ensure that variability attributable to flow is controlled to provide a
clear and reliable judgment of water quality changes between the EWQ baseline (control) and subsequent assessment
(test) periods.

Another challenge to direct comparison is the number of data points per period (N). Through this monitoring program
we sought to balance collection of a statistically appropriate number of data points with the reality of competing
resource demands. The first assessment round completed during 2009-2011 was designed to test measurable changes
from the baseline but used a smaller data set. Some sites were sampled 10 times per season for three years (N=30),
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others only monthly within the May to September period for three years (N=15). Fewer observations result in higher
variability, reduced ability to detect changes, and potential introduction of bias. In water quality analyses, a higher
number of observations is preferable but not always obtainable. In future assessments, it may be preferable to drop
sites in order to retain a higher number of observations at sites that are sampled.

Some water quality parameters are more naturally variable than others and thus less predictable without closely
defining the conditions under which the samples were taken or vastly increasing the sampling rate. Examples of this
include bacteria (Enterococcus, E. coli and Fecal Coliform) and Total Suspended Solids (TSS). Given that fewer data were
collected from 2009-2011 than from 2000-2004, direct statistical comparison between the two data sets is confounded
by influential factors that may not easily be quantified, such as land use changes or ecological processes. Other water
quality parameters “behave” much more conservatively, and it takes fewer data to draw fairly accurate conclusions
about changes. Examples of conservative parameters include specific conductance, total phosphorus, chloride and total
dissolved solids (TDS).

Time of day is an influential factor for parameters that cycle up and down each day, such as dissolved oxygen, pH, water
and air temperature, and nitrate. In this program, sampling is scheduled so that these parameters are at or near their
daily maxima when sampled (roughly mid-day), and sites are visited in different order so that the sample time is varied
within the daily time range when these parameters are near their daily maximum concentration. Note that in DRBC or
state water quality regulations, many criteria are expressed as 24-hour averages, minima or maxima. These data do not
represent daily lows or averages, which are better obtained from continuous monitoring stations such as those at
Trenton, Frenchtown, Riegelsville and Belvidere. Comparison against criteria must take into account the difference in
averaging period. DRBC recognizes the value of continuous monitoring stations for proper assessment of water quality
standards, and has been supporting the addition of water quality meter installation at USGS gages located in all Zones of
the Delaware River.

Another factor that may cause imbalance in data analyses is the water quality test method itself, as well as the
laboratory performing the test. Since inception of this program, DRBC has changed contract laboratories several times.
DRBC employed standard QA/QC safeguards to minimize the impact of using different labs including requiring that labs
be state-certified for regulatory testing of the parameter list and use of EPA-approved methods for testing of ambient
surface water. In addition, DRBC routinely performed blinded replicate samples and blinded rinsate blank samples to
ensure the accuracy and precision of reported results. The fact remains however that method detection limit levels must
be low enough to provide reliable information about high-quality streams and rivers. Many commercial laboratories
typically test wastewater, not high-quality ambient surface water. Thus low-level analytical capability was uncommon in
our earliest results through about 2002. As this low-level capability increases in the analytical community, we were
better able to quantify low-concentration ambient surface waters. The early portion of the EWQ data set thus contains
a fair amount of non-detect results and wide variability, whereas the latter portion of the baseline data and all of the
post-EWQ data set contain virtually no non-detect results even in the best streams. This analytical difference hampers
comparison. See Table 1 for detection limits from 2000-2011 for Scenic Rivers Monitoring Program parameters.
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Table 1: Detection Limits for Selected Scenic Rivers Monitoring Program Parameters, 2000-2013

Year Ammonia | Nitrate + | Ortho- Total TKN mg/I TDS TSS Lab Comment

mg/| Nitrite Phosphate | Phosphorus mg/| mg/|

mg/I** | mg/l mg/!

2000 0.10* 0.50 0.01 0.01 0.10 20.0 2.0 Qc
2001 0.05 0.02 0.01 0.02 0.05 8.0 0.5 NJAL
2002 0.05 0.02 0.01 0.02 0.05 8.0 0.5 NJAL
2003 0.05 0.02 0.01 0.02 0.05 6.0 0.5 NJAL
2004 0.02 0.02 0.01 0.01 0.05 6.0 2.0 NJAL
2006 0.01 No Tests | No Tests No Tests No Tests 5.0 5.0 ANSP No Lower Del. sampling
2007 0.005 0.007 0.002 0.002 0.038 3.1 0.43 | ANSP No Lower Del. sampling
2008 0.005 0.003 0.003 0.002 0.032 3.45 0.38 | ANSP No Lower Del. sampling
2009 0.004 0.007 0.002 0.002 0.044 3.71 0.75 | ANSP
2010 0.004 0.006 0.002 0.002 0.061 3.74 0.59 | ANSP
2011 0.004 0.006 0.002 0.002 0.050 1.57 0.75 | ANSP
2012 0.006 0.003 0.002 0.002 0.039 2.19 0.3 ANSP No Lower Del. sampling
2013 0.006 0.004 0.002 0.008 0.028 1.0 1.0 NJDOH | No Lower Del. sampling

* In Table 1 above there are no data for ammonia samples taken in 2000. That year the detection limit was so high that almost all results were non-detects. Those

data were discarded from this study.
**For the Lower Delaware EWQ definition period of 2000-2004, DRBC requested that the laboratories perform tests for Nitrate and for Nitrite individually, so the
detection limits from 2000-2004 above are for Nitrate only. Nitrite sample results were almost exclusively non-detects, because Nitrite is converted relatively quickly

to Nitrate in streams that Nitrite is rarely detected. Since 2004 Nitrate + Nitrite testing was requested to save on costs, and it is confident that Nitrate is

proportionally so much greater than Nitrite that Nitrite is negligible.

Recommendations:

Monitoring Recommendations

Sampling frequency during selected years should always be twice monthly rather than once monthly. Once-
monthly sampling does not represent the full range of flow conditions. Also, once-monthly sampling reduces
the overall number of data which leads to a reduction in our ability to detect changes.

DRBC monitoring programs should continue to use BaSE (USGS Baseline Streamflow Estimator model) to
estimate stream flow at ungaged water quality monitoring sites. Results from BaSE compared very favorably to
our flow measurements made using benchmark gages and rating curves at considerably reduced effort.

When DRBC changes contract laboratories or makes use of multiple labs, we should conduct more split
sampling analyses so that we can compare results among multiple laboratories conducting a selected USEPA-
approved analytical method.

Automate and add to this assessment procedure using R. Creation of R scripts to automatically retrieve,
process, and plot the latest water quality data would greatly enhance our assessment capability.

Conduct bacterial track-down studies for the Delaware River and its tributaries between Frenchtown-
Uhlerstown and Trenton-Morrisville, NJ-PA. E. coli concentrations have risen within this reach and in most
tributary watersheds. In addition there are several tributaries where recreational criteria are still exceeded,
even though bacterial concentrations may have remained stable or dropped including Cooks Creek, PA;
Musconetcong River, NJ; Pohatcong Creek, NJ; Bushkill Creek, PA (Northampton County).

Continue to define site-specific water quality for key tributaries within multiple objectives:

a. Define EWQ for watersheds of more than 20 square miles in size. This enables DRBC to evaluate
approximately 85% of the watershed area of the Delaware River Basin above Trenton with as few sites
as possible.

b. As necessary, monitor smaller watersheds that presently or in the future contain dischargers subject to
Special Protection Waters regulations (e.g., Slateford Creek, PA);
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c. As necessary, monitor smaller watersheds that have been designated as Wild and Scenic by the National
Park Service (e.g., Paunnacussing Creek, PA);

d. Representatively monitor some smaller watersheds that possess general water quality characteristics of
physiographic regions or ecoregions along the Delaware River (e.g., Pidcock Creek, PA represents small
Delaware River tributaries within the Piedmont region);

e. Within some large watersheds, conduct additional monitoring for construction and calibration of water
guality models to evaluate cumulative impacts of multiple dischargers and apportion capacity so that
EWQ is not degraded.

Policy and Water Quality Standards Recommendations

1. DRBC should adopt updated recreational criteria as recommended by U.S. EPA and implemented by our basin
states.

2. Provide support for stream gages and continuous water quality. Monitoring installations operated by the U.S.
Geological Survey are critically necessary for understanding and managing our water resources. DRBC currently
provides support for numerous stream gages and continuous water quality monitors . DRBC specifically
recommends new gaging as described below:

e The Paulins Kill River is gaged at Blairstown, NJ, but there should be a stream gage placed below
Columbia Lake’s hydropower generating station near the Paulins Kill mouth. The hydropower facility
alters the flow regime of the Paulins Kill, and the reservoir acts as a pollutant sink for the watershed
area upstream. The Paulins Kill is a major tributary to the Delaware River. At this location, water from a
177 square mile watershed area enters the Delaware River and its impact must be considered. A similar
situation existed with the Mongaup River, NY, where DRBC recently required re-installation of the
stream gage below a hydropower facility so the Mongaup’s influence upon the Delaware River could be
measured.

3. Staff recommends that discussions with our basin states and advisory committees be initiated to identify and
implement ways to reduce chloride concentrations and stream conductivity. Both water quality targets of
DRBC anti-degradation rules and policies have been exceeded within a very short time period.

4. Determine impact of non-seasonal water quality: DRBC’s dockets or permits allow higher effluent limitations
especially for ammonia (2 to 3 times of summer limit) for October through April. The impact has not been
evaluated sufficiently enough to determine non-seasonal effluent limitations that are protective of EWQ. Higher
winter pollutant loads may harm aquatic life and may affect summer EWQ, and warrant further investigation.
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Key to Summary Matrix of Water Quality Changes at Lower Delaware Control Points

Lower Delaware River Special Protection Waters
Measurable Change Matrix - Key to Symbols

Site Key

Delaware River at Trenton Delaware River Interstate Control Point (ICP) - dark blue
Pidcock Creek, PA Pennsylvania Boundary Control Point (BCP) - dark red

Wickecheoke Creek, NJ New Jersey Boundary Control Point (BCP) - dark green

Assessment Key (2000-2004 baseline vs. 2009-2011 assessment round 1)

No indication of measurable change to EWQ

* %k Indication of measurable water quality change toward more degraded status

Weak indication of measurable water quality change toward more degraded status
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Summary Matrix of Water Quality Changes at Lower Delaware Control Points: 2000-2004 Baseline vs. 2009-2011 Assessment Round 1

Site Color Key Dark Blue [=Interstate Control Point (ICP) =Pennsyivania Tributary Boundary Control Point (BCP) =New Jersey Tributary Boundary Control Point (BCP)
Del. River | Del. River at | Pidcock Delaware Wicke- Lockatong Delaware Pauna- Tohickon Tinicum Nishi- Del. River | Cooks Musco- Del. River | Pohat-cong Lehigh Del. River | Bushkill | Martins Pequest [Del. River at [ Paulins Kill | Del. River
at Trenton | Washngtn Creek, PA River at cheoke Creek, NJ River at cussing Creek, PA | Creek, PA | sakawick |[ at Milford | Creek, PA| netcong |atRieglsvll [ Creek, NJ River, PA | at Easton | Creek, PA [Creek, PA| River, NJ Belvidere River, NJ at
Crossing Lambrtvile [ Creek, NJ Bulls Island | Creek, PA Creek, NJ River, NJ Portland
Parameter Site--->
Site Number--->| 13431CP 1418 ICP 1463 BCP 1487 ICP 1525 BCP 1540 BCP 1554 ICP 1556 BCP | 1570 BCP | 1616 BCP | 1641 BCP | 1677 ICP |1737 BCP| 1746 BCP 1748 ICP 1774BCP | 1837 BCP | 1838 ICP [1841 BCP|1907 BCP| 1978 BCP 1978 ICP 2070 BCP | 2074 ICP
Dissolved Oxygen (DO) mg/l
E Dissolved Oxygen Saturation %
o
LL |pH, units
Water Temperature, degrees C
Ammonia Nitrogen as N, Total mg/l
o |Nitrate + Nitrite as N, Total mg/l
—
c .
@ |Nitrogen as N, Total (TN) mg/l
=
S [Nitrogen, Kjeldahl, Total (TKN) mg/i
zZ
Orthophosphate as P, Total mg/l
Phosphorus as P, Total (TP) mg/l
g Enterococcus colonies/100 ml
[}
‘G |Escherichia coli colonies/100 ml
©
o0 Fecal coliform colonies/100 ml
Alkalinity as CaCO3, Total mg/l
n
= Hardness as CaCO3, Total mg/l
< .
O |Chloride, Total mg/l
.; e
C |Specific Conductance pumho/cm
o
> . )
C |Total Dissolved Solids (TDS) mg/l
o
O |total Suspended Solids (TSS) mg/l
Turbidity NTU
KEY = No indication of measurable change to EWQ = Indication of measurable water quality change toward more degraded status =Weak indication of measurable water quality change toward more degraded status
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Chapter 1: 1343 ICP Delaware River at Trenton/Morrisville, NJ/PA
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Analysis of flow differences between the EWQ and post-
EWQ monitoring periods:

100000

—_— Pre-Post_Regs
EwWQ

= Post

10000

Flow cfs

[
_i
1000
1343 ICP DRTren EWQ 1343 ICP DRTren Post
MonLoc_ShortSite_PrePost
N 66
Flow cfs by
MonLoc_ShortSite_PreP Inter-quartile
ost Minimum 1stQuartile Median 3rd Quartile Maximum range
1343 ICP DRTren EWQ 2,918 4,688 8,847 14,521 38,824 9,833
1343 ICP DRTren Post 5,270 7,440 16,350 26,925 90,900 19,485
Kruskal-Wallis test
Flow cfs by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank
1343 ICP DRTren EWQ 50 729.6 14.59
1343 ICP DRTren Post 16 2280.1 142.50

8.17

8.17

1
0.0043*

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.
H1:8,# 6 foratleastone ij

The median of the populations are not all equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Flow was higher in the post-EWQ period at this location.
EWQ flow was slightly below normal for the May to
September period and post-EWQ flow was generally
above-normal. For flow-related parameters, this
difference can lead to misinterpretation of results, so
comparisons are carefully reviewed, especially in cases
where statistical differences are significant. Flow is
plotted on a logarithmic scale.

Upstream ICP: Del. River at Washington Crossing
Downstream ICP: None. This is the southern terminus
of the DRBC Special Protection Waters region. At the
geological fall line just below Calhoun Street Bridge, is
the freshwater tidal portion of the Delaware River
(DRBC Water Quality Zone 2).

Tributary BCP Watersheds in Upstream Reach:

None. All tributaries are less than 20 square miles
drainage area and are expected to exert minimal water
quality influence upon the Delaware River. These small
tributaries are infrequently monitored.

100000

[ == =
10000 - .‘ " L

Flow cfs

e B
1000
2000 2001 2002 2003 2004 2009 2011
yyyy
N 66
Inter-quartile
Flowcfs by yyyy | Minimum _ 1stQuartile Median 3rd Quartile Maximum range

2000 3,833 5,231 7,501 9,905 22,722 4,675
2001 3,161 3,253 4,364 6,221 14,515 2,968
2002 2,918 3,312 3,868 14,443 26,718 11,131
2003 7,386 8,763 14,243 17,545 38,824 8,782
2004 5,070 8,322 12,857 16,525 21,104 8,203
2009 6,170 6,170 8,545 25,275 28,300 19,105
2011 5,270 14,298 18,750 32,475 90,900 18,178

Annual flow statistics are plotted above. Note that no
samples were taken in the dry 2010 season due to
closure of the Calhoun Street Bridge. This is why post-
EWQ data were not representative of flow conditions.
Post-EWQ data were also insufficient in the number of
samples taken (n=16), which also reduces overall
confidence in statistical comparisons between the two
periods. Flow statistics are derived from May to
September flow measurements associated with the
time of each water quality sample. Flow is based on the
USGS gage 01463500 at Trenton, NJ. “Normal” May to
September flow is about 10,000 cfs at this location on
the Delaware River.

Within the data, annual summer flow is below normal
to normal for 4 years and above normal for 3 years.
When examining annual summer Trenton water quality
statistics between the EWQ and post-EWQ periods,
post-EWQ water quality is likely most comparable to
EWQ 2003-2004 data when flow was above normal.

This location is also monitored by NJDEP (USGS) and
PADEP. Those data are not included in DRBC’s analyses,
but were held back as confirmatory data for significant
results found by DRBC. The state/USGS programs
generally monitor quarterly for long-term water quality
changes. DRBC’s monitoring design is more intensive
and less long-term, taking 5 to 10 samples each May-
September season depending on the sampling location.
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Alkalinity as CaCO3, Total mg/I
Existing Water Quality:

Median 45 mg/I

Lower 95% Confidence Interval 36 mg/I

Upper 95% Confidence Interval 50 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by,
MonLoc_ShortSite_PreP
ost

1343 ICP DRTren EWQ
1343 ICP DRTren Post

Rank sum Mean rank
50 128.0 2.56
17 3765 2215

H statistic
X* approximation

No water quality degradation is indicated. Alkalinity
concentrations appear to decline between the EWQ and
post-EWQ periods, but the post-EWQ samples were
taken under generally higher flow conditions and do not
differ statistically. However, potential laboratory
artifacts and insufficient post-EWQ sampling (n=17)
introduced analytical uncertainty. Alkalinity is inversely
related to flow. No 2010 samples were taken at this site
due to bridge closure. As 2010 was a dry year, such dry-
weather samples are under-represented in the post-
EWQ data set. Note that flow is plotted on a
logarithmic scale.

Delaware River Basin Commission
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Ammonia Nitrogen as N, Total mg/I
Existing Water Quality:

Median <0.05 mg/|
Lower 95% Confidence Interval <0.05 mg/I
Upper 95% Confidence Interval <0.05 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1343 ICP DRTren EWQ
1343 ICP DRTren Post

n Rank sum Mean rank
40 1368.9 3422
16 34223 213.89

1891

18.91

1
<0.0001*

H statistic

X2 approximation
DF

p-value

HO: 6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for at least one i,j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Ammonia is unrelated to flow in both data sets. No
declining trend was found in independent USGS, PADEP
or NJDEP data. EWQ data contained 29/40 undetected
results that interfered with estimates of the median and

its confidence intervals. Thus all we could determine

No water quality degradation is indicated. Ammonia about ammonia was that concentrations were known to

concentrations appeared to decline, though detection be <0.05 mg/I. There were no undetected results in the

limit differences, flow differences, insufficient post- post-EWQ samples. However, some water quality

EWQ sampling (n=16) and potential laboratory artifacts improvement might have occurred, in that there were
produced analytical uncertainty. No 2010 samples were no post-EWQ values over 0.056 mg/I.

taken at this site due to bridge closure.
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Chloride, Total mg/I
Existing Water Quality:

Median 17 mg/I

Lower 95% Confidence Interval 16 mg/I

Upper 95% Confidence Interval 21 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost n Rank sum Mean rank

1343 ICP DRTren EWQ 40 36 0.09
1343 ICP DRTren Post 17 8.5 0.50
H statistic 0.04
X? approximation 0.04
DF 1
p-value 0.8341
HO:8,=6,=6...

The median of the populations are all equal.
H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

Some evidence of water quality degradation is
indicated, though chloride concentrations apparently
did not change between the two periods. Flow
differences, insufficient post-EWQ sampling (n=16) and
potential laboratory artifacts produced analytical
uncertainty. Chloride is inversely related to flow. No
2010 samples were taken due to bridge closure. If more
post-EWQ samples were taken, and if post-EWQ data
were more representative of low-flow conditions, there
might have been a significant rise in chlorides. On the
first graph of concentrations vs. flow, the rise in
concentrations appears to be approximately 1 to 3 mg/I.

Delaware River Basin Commission
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Dissolved Oxygen (DO) mg/I
Existing Water Quality:

Median 8.74 mg/|
Lower 95% Confidence Interval 8.40 mg/|
Upper 95% Confidence Interval 9.20 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1343 ICP DRTren EWQ
1343 ICP DRTren Post

n Rank sum Mean rank
50 174.8 3.50
14 624.4 44.60

231
231

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

Dissolved Oxygen (DO) concentration is unrelated to
flow. No measurable change took place between the
EWQ and Post-EWQ periods. Median post-EWQ DO
concentration was above the EWQ upper 95%
confidence interval, but there were an insufficient
number of post-EWQ samples taken to detect a
significant change. Such a change would constitute a

water quality improvement in any case. No 2010

samples were taken due to bridge closure. Daily DO
ranges widely at this location due to growth of aquatic
plants and algae (primary production). Values shown
best represent mid-day concentrations, when DO is
typically at or near its maximum daily value.
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Dissolved Oxygen Saturation %
Existing Water Quality:

Median 97%
Lower 95% Confidence Interval 94%
Upper 95% Confidence Interval 101%

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

50 158.4 317
14 565.8 4041

1343 ICP DRTren EWQ
1343 ICP DRTren Post

2.09
2.09
1

H statistic
X2 approximation
DF

pvalue

HO: 6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

Dissolved Oxygen Saturation is unrelated to flow, and
did not measurably change between the EWQ and post-
EWQ periods. No 2010 samples were taken at this site
due to bridge closure. As a rule-of-thumb, saturation
values greater than 120% indicated super-saturation
conditions, usually produced by very high algae and
aquatic plant activity.

Delaware River Basin Commission
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Enterococcus colonies/100 ml
Existing Water Quality:

Median 45/100 ml
Lower 95% Confidence Interval 20/100 ml
Upper 95% Confidence Interval 80/100 ml

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

n Rank sum Mean rank

45 483.5
17 1279.8

1343 ICP DRTren EWQ
1343 ICP DRTren Post

5.42

5.42

1
0.0199*

H statistic

X2 approximation
DF

p-value

HO: 6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

10.74
75.28

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Enterococci apparently rose between the EWQ and
Post-EWQ periods. Flow differences, insufficient post-

EWQ sampling (n=17) and potential laboratory artifacts

produced analytical uncertainty. No 2010 samples were

available, as the bridge was closed that summer.

Enterococcus concentration is unrelated to flow in both

data sets. Note that concentrations are plotted on a

logarithmic scale.
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Escherichia coli colonies/100 ml
Existing Water Quality:

Median 40/100 ml
Lower 95% Confidence Interval 24/100 ml
Upper 95% Confidence Interval 65/100 ml

Some evidence of water quality degradation is
indicated. E. coli concentrations apparently rose
between the two periods. Flow differences, insufficient
post-EWQ sampling (n=17) and potential laboratory
artifacts produced analytical uncertainty. No 2010 dry-
weather samples were available due to bridge closure.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

40 965.3 2413
17 22713 133.61

1343 ICP DRTren EWQ
1343 ICP DRTren Post

11.76

11.76

1
0.0006*

H statistic
X2 approximation
DF

pvalue

HO: 6, =6, = ..
The median of the populations are all equal.
H1:6,# 6, foratleast one i,j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Flow and concentrations are plotted on a logarithmic
scale; regressions are power relationships. USGS,
PADEP and NJDEP data were tested to confirm DRBC’s
result of significant rise in E. coli. Baseline EWQ
concentrations were confirmed by independent data,
establishing that DRBC’s baseline is reasonable.
However, the significant 2009-2011 increase found by
DRBC was not confirmed by independent data.
Confidence of an increase is low because of low N, high
variability, and flow differences.

Delaware River Basin Commission
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Fecal coliform colonies/100 ml
Existing Water Quality:

Median 88/100 ml
Lower 95% Confidence Interval 60/100 ml
Upper 95% Confidence Interval 140/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

45 50.1 111
17 1327 7.81

1343 ICP DRTren EWQ
1343 ICP DRTren Post

0.56
0.56

1
0.4535

H statistic
X2 approximation
DF

pvalue

HO: 6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. Fecal
coliform concentrations did not measurably change
between the EWQ and post-EWQ periods. Flow
differences, insufficient post-EWQ sampling (n=17) and
potential laboratory artifacts produced analytical
uncertainty. Post-EWQ fecal coliform concentrations
are positively but weakly related to flow. No 2010
samples were collected due to bridge closure.

Delaware River Basin Commission
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Hardness as CaCO3, Total mg/I
Existing Water Quality:

Median 69 mg/I

Lower 95% Confidence Interval 60 mg/I

Upper 95% Confidence Interval 73 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

50 423.4 8.47
17 12453 73.25

1343 ICP DRTren EWQ
1343 ICP DRTren Post

4.40

4.40

1
0.0360*

H statistic

X2 approximation
DF

p-value

HO: 6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is indicated. Hardness
appeared to decline between the EWQ and post-EWQ
periods. Flow differences, insufficient post-EWQ
sampling (n=17) and potential laboratory artifacts
produced analytical uncertainty. Hardness is inversely
related to flow. No 2010 samples were taken at this
location due to bridge closure. If more post-EWQ
samples were taken under low flow conditions, there
probably would have been no change in hardness.

Delaware River Basin Commission
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (as Nitrate only):

Median 1.05 mg/I
Lower 95% Confidence Interval 0.85 mg/|
Upper 95% Confidence Interval 1.21 mg/I

No water quality degradation is indicated. Nitrate
concentrations apparently declined between the EWQ
and post-EWQ periods, but differences in flow,
detection limits, laboratory artifacts, and low post-EWQ
N produced analytical uncertainty. EWQ nitrate was
inversely but weakly related to flow.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n

Rank sum Mean rank

49
17

1343 ICP DRTren EWQ
1343 ICP DRTren Post

19.16
19.16
1

H statistic

X2 approximation
DF

p-value

HO: 6,=6,=6..

1818.4 37.11
52413 308.31

<0.0001*

The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Reject the null hypothesis

in favour of the alternative hypothesis at the 5% significance level

Post-EWQ nitrate + nitrite are not related to flow,
though there is a single influential data point taken
during flood conditions that drives the regression; as

well as too few low-flow samples. 2010 samples were
not taken due to bridge closure. Independent USGS and
PADEP data were analyzed to validate DRBC results, but
the decline could not be confirmed. Both data sets
exhibited more variability in the EWQ period than the

post-EWQ period.

The early portion of DRBC EWQ data

showed higher concentrations than both DRBC post-

EWQ data and the

independent data. DRBC 2003-2011

and USGS/PADEP independent data were very similar.

Delaware River Basin Commission
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Nitrogen as N, Total (TN) mg/|
Existing Water Quality:

Median 1.45 mg/I
Lower 95% Confidence Interval 1.22 mg/I
Upper 95% Confidence Interval 1.71 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

40 1434.0 35.85
17 3374.1 198.48

1343 ICP DRTren EWQ
1343 ICP DRTren Post

17.45

17.45

1
<0.0001*

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is indicated. Total
Nitrogen concentrations apparently declined between
the EWQ and post-EWQ periods, but differences in flow,
detection limits, potential laboratory artifacts, and low
post-EWQ N produced analytical uncertainty. TN is
unrelated to flow in both periods. The EWQ data
overall are far more variable than the post-EWQ data.
No 2010 samples were taken due to bridge closure.
Independent PADEP and USGS data did not display the
same decline, thus the DRBC results could not be
independently validated.

Delaware River Basin Commission
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality:

Median 0.48 mg/|
Lower 95% Confidence Interval 0.36 mg/|
Upper 95% Confidence Interval 0.58 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

n Rank sum Mean rank
40 245.0 6.13
17 576.5 3391

ost
1343 ICP DRTren EWQ
1343 ICP DRTren Post

2.98
2.98

1
0.0842

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal
Do not reject the null hypothesis at the 5% significance leve

No measurable change occurred in TKN concentrations
between the EWQ and post-EWQ periods. Flow
differences, insufficient post-EWQ sampling (n=17) and
potential laboratory artifacts produced analytical
uncertainty. TKN concentration is unrelated to flow in
both data sets. No 2010 samples were taken due to
bridge closure.
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Orthophosphate as P, Total mg/I (OP)
Existing Water Quality:

Median 0.04 mg/|
Lower 95% Confidence Interval 0.03 mg/|
Upper 95% Confidence Interval 0.06 mg/I

Delaware River Basin Commission

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1343 ICP DRTren EWQ
1343 ICP DRTren Post

n Rank sum Mean rank
43 621.7 14.46
17 15725 92.50

7.24

7.24

1
0.0071*

H statistic
X2 approximation
DF

p-value

HO:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is indicated. OP
apparently declined between the two periods, though
differences in flow, detection limits, and low post-EWQ
N produced uncertainty. Orthophosphate is unrelated
to flow in both data sets. No 2010 samples were
collected at this location due to bridge closure. There
were too few available independent data to confirm
DRBC results, though PADEP concentrations were
similar in magnitude and variability throughout both
study periods. DRBC detection limits improved
between the two periods, so the decline may be
influenced by improved laboratory method sensitivity.
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
pH, units
Existing Water Quality:

Median 7.78 standard units
Lower 95% Confidence Interval 7.56 standard units
Upper 95% Confidence Interval 8.00 standard units

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

Delaware River Basin Commission

50 2576 5.15
15 858.8 57.25

1343 ICP DRTren EWQ
1343 ICP DRTren Post

3.13

3.13

1
0.07711

H statistic

X2 approximation
DF

p-value

HO:8, =6, =6...

The median of the populations are all equal.
H1:8,#6 foratleastone i,j

The median of the populations are not all equal.

Do not reject the null hypothesis at the 5% significar

No water quality degradation is indicated. PH did not
measurably change between the EWQ and post-EWQ
periods. Under higher flow conditions, pH tends toward
neutral. During low flow and high primary productivity
periods, pH criteria are frequently exceeded (>9.0
units). No 2010 samples were collected at this location

due to bridge closure.

PH is unrelated to flow in the EWQ data, but inversely
related to flow in the post-EWQ data. Flow is plotted

on a logarithmic scale.
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Phosphorus as P, Total (TP) mg/I
Existing Water Quality:

Median 0.10 mg/I
Lower 95% Confidence Interval 0.07 mg/|
Upper 95% Confidence Interval 0.12 mg/I

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

1343 ICP DRTren EWQ
1343 ICP DRTren Post

n Rank sum Mean rank
40 1199.0 29.98
17 2821.2 165.96

14.63

14.63

1
0.0001*

H statistic

X2 approximation
DF

p-value

HO: 6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is indicated. Total
Phosphorus (TP) concentrations appeared to decline
significantly between the EWQ and post-EWQ periods,
though differences in flow conditions, potential
laboratory artifacts and low post-EWQ N produced
uncertainty. TP is unrelated to flow in both data sets.

No 2010 samples were taken due to bridge closure. At

other sites where nutrient concentrations are lower,
the decline in concentration may be partially due to
improved laboratory detection limits. At Trenton,
however, there were no undetected results at any time.
These results could not be independently confirmed by
PADEP and USGS data.
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Specific Conductance umho/cm
Existing Water Quality:

Median 185 umho/cm

Lower 95% Confidence Interval 163 umho/cm
Upper 95% Confidence Interval 202 umho/cm
Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP

ost n Rank sum Mean rank

50 137.8 2.76
15 459.3 30.62

1343 ICP DRTren EWQ
1343 ICP DRTren Post

167
167

1
0.1962

H statistic

X2 approximation
DF

p-value

HO: 6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. Specific
conductance did not measurably change between the
EWQ and post-EWQ periods. In both data sets, specific
conductance is inversely related to flow. In the post-
EWQ data, a single outlier pulls off the slope of the
regression — a consequence of too few samples taken in
the post-EWQ period (n=15). The outlier was a sample
taken during flood conditions. No 2010 (low-flow, dry
weather) samples were taken at this location due to
bridge closure.

Delaware River Basin Commission
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Total Dissolved Solids (TDS) mg/|
Existing Water Quality:

Median 140 mg/I

Lower 95% Confidence Interval 130 mg/|

Upper 95% Confidence Interval 156 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

40 1488.4 37.21
17 3502.1 206.01

1343 ICP DRTren EWQ
1343 ICP DRTren Post

18.17

18.17

1
<0.0001*

H statistic
X2 approximation
DF

pvalue

HO: 6, =6, = ..
The median of the populations are all equal.
H1:6,# 6, foratleast one i,j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is indicated. TDS
appeared to measurably decline between the EWQ and
post-EWQ periods. However, such a decline is
uncertain because of differences in flow, potential
laboratory artifacts, and too few post-EWQ samples.
TDS is inversely related to flow. Since far fewer of the
post-EWQ samples were low-flow samples, much of the
apparent decline in TDS is probably attributed to flow
effects at the time of sampling. Most samples were
taken at higher flow conditions, and there were an
insufficient number of samples taken under low flow
conditions.

Delaware River Basin Commission
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Total Suspended Solids (TSS) mg/|
Existing Water Quality:

Median 6.3 mg/I

Lower 95% Confidence Interval 5.0 mg/I

Upper 95% Confidence Interval 8.5 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1343 ICP DRTren EWQ‘ 40 164.0 4.10

1343 ICP DRTren Post 17 385.9 22.70
H statistic 2.00
X2 approximation 2.00
DF 1
p-value 73
HO:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. TSS did not
measurably change between the EWQ and post-EWQ
periods. Flow differences, insufficient post-EWQ
sampling (n=17) and potential laboratory artifacts
produced analytical uncertainty. TSS is positively
related to flow in both data sets. No samples were
taken at this location in 2010 due to bridge closure.
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Turbidity NTU
Existing Water Quality:

Median 2.9 NTU*

Lower 95% Confidence Interval 2.2 NTU

Upper 95% Confidence Interval 5.8 NTU

*Should have been defined as flow-related in rules

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

50 220.5 4.41
16 689.1 43.07

1343 ICP DRTren EWQ
1343 ICP DRTren Post

247
247

1
0.1161

H statistic
X2 approximation
DF

pvalue

HO: 6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. All but two
post-EWQ turbidity results were within the expected
EWQ range of 0-40. Both were taken during high flow
conditions: one within the previously-sampled range of
flows, and one far outside that range during a major
flood event. Flow differences and insufficient post-
EWQ sampling (n=16) produced analytical uncertainty.
The post-EWQ median turbidity was above the EWQ
upper 95% confidence interval, but the increase was not
significant. In both data sets, the turbidity vs. flow
relationship is positive. No 2010 samples were taken at
this location due to bridge closure.

Delaware River Basin Commission
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Chapter 1: 1343 ICP Delaware River at Trenton, NJ
Water Temperature, degrees C

Not included in DRBC Existing Water Quality rules

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1343 ICP DRTren EWQ
1343 ICP DRTren Post

n Rank sum Mean rank
50 23.8 0.48
15 79.4 5.29

0.29
0.29

1
0.5911

H statistic

X2 approximation
DF

pvalue

HO: 6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. Water
temperature did not measurably change between the
EWQ and post-EWQ periods. Flow differences and
insufficient post-EWQ sampling (n=15) produced
analytical uncertainty. Water temperature is inversely
related to flow, though the relationship is weak. No
samples were taken in 2010 at this location due to

bridge closure.

Delaware River Basin Commission Delaware River at Trenton -Page 22



Chapter 2: 1418 ICP Delaware River at Washington Crossing, NJ/PA
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Analysis of flow differences between the EWQ and post-
EWQ monitoring periods:
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N 71
Flow cfs by’
MonLoc_ShortSite_PreP Inter-quartile
ost Minimum 1stQuartile Median 3rd Quartile Maximum range
1418 ICP DRWX EWQ 2,878 4,618 8,976 14,472 38,899 9,854
1418 ICP DRWX Post 3,387 5,967 14,702 24,800 93,873 18,833
Kruskal-Wallis test
Flow cfs by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1418 ICP DRWX EWQ 50 544.5 10.89
1418 ICP DRWX Post| 21 1296.4 61.73

4.32

4.32

1
0.0376*

H statistic

X2 approximation
DF

p-value

H0:6,=6,=6..
The median of the populations are all equal.
H1:6,% 6, foratleastone i,j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Flow was different between the two periods at this
location. Overall EWQ flow was low to near-normal for
the May to September period and post-EWQ flow was
generally above-normal. For flow-related parameters,
this difference can lead to misinterpretation of results,
so confidence in statistical comparisons is low even in
cases where statistical differences are significant. Flow
is plotted on a logarithmic scale.

100000

10000 =

T L =
e

Flow cfs

—w
1000
2000 2001 2002 2003 2004 2009 2010 2011
yyyy
N 71
Inter-quartile
Flow cfs by yyyy | Minimum 1st Quartile Median 3rd Quartile  Maximum range

2000 3,833 5,149 7,519 9,795 22,885 4,646
2001 3,229 3,272 4,386 6,214 14,441 2,942
2002 2,878 3,294 3,845 14,305 26,192 11,011
2003 7,395 9,460 14,622 17,774 38,899 8313
2004 5,077 8,228 12,763 16,207 20,761 7,979
2009 6,080 6,456 17,700 25,100 28,400 18,644
2010 3,387 3,387 4,272 7,259 8,761 3,872
2011 5,742 9,660 17,185 30,397 93,873 20,736

Annual flow statistics are plotted above. Flow is plotted
on a logarithmic scale. These are May to September
flow measurements associated with the time of each
water quality sample. Flow is estimated at this location
using drainage area weighting based on the USGS
continuous stream gage at Trenton, NJ. “Normal” flow
is about 10,000 cfs at this location on the Delaware
River.

Within the data, annual summer flow is below normal
for 4 years and above normal for 4 years. When
examining annual summer Washington Crossing water
quality statistics between the EWQ and post-EWQ
periods, post-EWQ water quality is likely most
comparable to EWQ 2003-2004 data when flow was
above normal.

Upstream ICP: Delaware River at Lambertville 1487 ICP
Downstream ICP: Delaware River at Trenton 1343 ICP

Tributary BCP Watersheds in Upstream Reach:
Pidcock Creek, PA — 1463 BCP

All other tributary watersheds to the upstream reach
are less than 20 square miles drainage area, possess no
wastewater discharges, and are expected to exert
minimal water quality influence upon the Delaware
River.

Delaware River Basin Commission
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Alkalinity as CaCO3, Total mg/I
Existing Water Quality (Table 2Y):

Median 45 mg/I

Lower 95% Confidence Interval 36 mg/I

Upper 95% Confidence Interval 50 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

1418 ICP DRWX EWQ
1418 ICP DRWX Post

X2 approximation

50 80.6 1.61
21 192.0 9.14

0.64
0.64

1
0.4235

H statistic

DF
p-value

HO: 6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. Alkalinity did
not measurably change between the EWQ and post-

EWQ periods. However, potential laboratory artifacts
and insufficient post-EWQ sampling (n=21) introduced
analytical uncertainty. Alkalinity is inversely related to

flow.

Delaware River Basin Commission
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Ammonia Nitrogen as N, Total mg/I
Existing Water Quality (Table 2Y):

Median <0.05 mg/|
Lower 95% Confidence Interval <0.05 mg/I
Upper 95% Confidence Interval 0.09 mg/I

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP

ost n Rank sum Mean rank

40 2016.4 50.41
19 4245.1 22342

1418 ICP DRWX EWQ
1418 ICP DRWX Post

22.60

22.60

1
<0.00011

H statistic

X2 approximation
DF

p-value

HO: 6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is indicated. Ammonia
concentrations appeared to decline, though differences
in flow conditions, detection limits and potential
laboratory artifacts produced uncertainty. No
independent data were available to validate the decline.
EWQ data possessed 29/40 undetected results that
interfered with estimation of the median and its
confidence intervals. There was 1 non-detect result in
the post-EWQ samples. We are now able to measure
ammonia at lower concentrations. However, some
water quality improvement is indicated by the lack of
high values in the post-EWQ data.

Delaware River Basin Commission
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Chloride, Total mg/I
Existing Water Quality (Table 2Y):

Median 18 mg/I

Lower 95% Confidence Interval 16 mg/I

Upper 95% Confidence Interval 20 mg/|

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

40 272 0.68
21 519 247

1418 ICP DRWX EWQ
1418 ICP DRWX Post

0.25
0.25

1
0.6162

H statistic
X2 approximation
DF

pvalue

HO: 6,=6,=6..

The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

Some evidence of water quality degradation is
indicated, although chloride concentrations did not
measurably change between the two periods.
However, potential laboratory artifacts and insufficient
post-EWQ sampling (n=21) introduced analytical
uncertainty. Though post-EWQ median concentration
rose by 3 mg/l, which is above the EWQ upper 95%
confidence interval, the difference was not statistically
significant due to fewer samples taken during the post-
EWQ period.
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Dissolved Oxygen (DO) mg/I
Existing Water Quality (Table 2Y):

Median 8.69 mg/I
Lower 95% Confidence Interval 8.46 mg/|
Upper 95% Confidence Interval 9.00 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

1418 ICP DRWX EWQ
1418 ICP DRWX Post

50 29.6 0.59
17 87.2 513

031
031
1

0.5790

H statistic
X2 approximation
DF

pvalue

HO: 6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. No
measurable change took place between the EWQ and
Post-EWQ periods. Post-EWQ median DO
concentration fell within the EWQ 95% confidence
intervals, and the data distributions of the two periods
were similar. DO was unrelated to flow in both data
sets.
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Dissolved Oxygen Saturation %
Existing Water Quality (Table 2Y):

Median 96%
Lower 95% Confidence Interval 95%
Upper 95% Confidence Interval 99%

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

Rank sum

Mean rank

50
17

1418 ICP DRWX EWQ
1418 ICP DRWX Post

0.44
0.44

1
0.5075

H statistic

X2 approximation
DF

p-value

HO: 6,=6,=6..

The median of the populations are all equal.

H1:6 # 6 foratleastone i,

The median of the populations are notall equal.
Do not reject the null hypothesis at the 5% significance

423
1245

0.85
732

No water quality degradation is indicated. Dissolved
Oxygen Saturation is unrelated to flow, and did not
measurably change between the EWQ and post-EWQ
periods. DO saturation ranged widely in 2011, possibly
indicating higher than usual primary productivity by

algae and plant activity that summer.
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Enterococcus colonies/100 ml
Existing Water Quality (Table 2Y):

Median 55/100 ml
Lower 95% Confidence Interval 23/100 ml
Upper 95% Confidence Interval 90/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

1418 ICP DRWX EWQ
1418 ICP DRWX Post

45 417.1 9.27
21 893.8 42.56

3.56
3.56
1

0.0591

H statistic
X2 approximation
DF

pvalue

HO: 6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. Enterococci
did not measurably change between the EWQ and Post-
EWQ periods, but the median for the post-EWQ period
was higher than the upper 95% confidence interval
established in the rules. There may have been an
increase, but high variability and smaller post-EWQ N
produced statistical uncertainty. Dry-weather samples
are under-represented in post-EWQ data. Enterococcus
concentrations are positively related to flow in the post-
EWQ data set, but the regression is driven by an outlier
sample taken during flood conditions. Concentrations
are plotted on a logarithmic scale.
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Escherichia coli colonies/100 ml
Existing Water Quality (Table 2Y):

Median 33/100 ml
Lower 95% Confidence Interval 20/100 ml
Upper 95% Confidence Interval 60/100 ml

E. coli concentrations apparently rose between the
EWQ and Post-EWQ periods. However, potential
laboratory artifacts and insufficient post-EWQ sampling
(n=21) introduced analytical uncertainty. There is a
weak relationship of E. coli to flow, and dry weather

samples were under-represented in the post-EWQ data.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1418 ICP DRWX EWQ
1418 ICP DRWX Post

n Rank sum Mean rank
40 7353 18.38
21 1400.6 66.69

6.79

6.79

1
0.0091*

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No independent data were available at this site to
validate DRBC results. The increase is reported as such
in the summary matrix, but confidence is low because
of low N and high variability. The reason for the
increase remains unexplained other than the
prevalence of higher flow conditions in the post-EWQ
period.

Delaware River Basin Commission
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Fecal coliform colonies/100 ml
Existing Water Quality (Table 2Y):

Median 70/100 ml
Lower 95% Confidence Interval 48/100 ml
Upper 95% Confidence Interval 110/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

Rank sum

Mean rank

45
21

1418 ICP DRWX EWQ
1418 ICP DRWX Post

0.00
0.00

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..

The median of the populations are all equal.

H1:6,# 6 foratleastone i,

The median of the populations are not all equal.

0.99451

0.0
0.0

Do not reject the null hypothesi

0.00
0.00

Fecal coliform concentrations did not measurably
change between the EWQ and post-EWQ periods.
However, potential laboratory artifacts and insufficient
post-EWQ sampling (n=21) introduced analytical
uncertainty. Post-EWQ fecal coliform concentrations

are positively related to flow, but the regression is

driven by a single outlier sample taken during flood

conditions. Post-EWQ median concentrations fell
within the EWQ 95% confidence intervals.

Delaware River Basin Commission
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Hardness as CaCO3, Total mg/I
Existing Water Quality (Table 2Y):

Median 67 mg/I

Lower 95% Confidence Interval 53 mg/I

Upper 95% Confidence Interval 75 mg/|

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost n Rank sum Mean rank

1418 ICP DRWX EWQ 50 117.0 2.34
1418 ICP DRWX Post 21 278.7 13.27
H statistic 0.93
X? approximation 093
DF 1
p-value 0.3350
HO:8,=6,=6...

The median of the populations are all equal.
H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

Hardness did not measurably change between the EWQ
and post-EWQ periods. However, potential laboratory
artifacts and insufficient post-EWQ sampling (n=21)
introduced analytical uncertainty. Hardness is inversely
related to flow. Post-EWQ median hardness fell within
the EWQ 95% confidence intervals.

Delaware River Basin Commission
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (Table 2Y, as Nitrate only):

Median 0.99 mg/I
Lower 95% Confidence Interval 0.86 mg/|
Upper 95% Confidence Interval 1.20 mg/I

No water quality degradation is indicated. Nitrate
concentrations apparently declined between the EWQ
and post-EWQ periods, though flow differences and
potential laboratory artifacts as well as low post-EWQ N
produced uncertainty.

Delaware River Basin Commission

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1418 ICP DRWX EWQ
1418 ICP DRWX Post

n Rank sum Mean rank
49 22292 45.49
21 5201.4 247.69

17.95

17.95

1
<0.0001*

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..

The median of the populations are all equal.
H1:6,% 6, foratleastone i,j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

On the annual plot there is a declining trend in
concentration within the EWQ period that appears to
stabilize in the post-EWQ period. 2002-2004 EWQ
nitrates appear to match well with post-EWQ nitrate +
nitrite. Nitrate + Nitrite concentrations are judged to be
equivalent for comparison with EWQ nitrate
concentrations, since EWQ_ nitrite was never detected at
this location. Independent data were not available for
validation of the apparent decline in nitrate + nitrite
concentrations shown by DRBC. Post-EWQ median
nitrate + nitrite concentrations fell below the EWQ
lower 95% confidence interval.

Delaware River at Washington Crossing - Page 12



Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Nitrogen as N, Total (TN) mg/I
Existing Water Quality (Table 2Y):

Median 1.47 mg/I
Lower 95% Confidence Interval 1.24 mg/|
Upper 95% Confidence Interval 1.69 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

1418 ICP DRWX EWQ
1418 ICP DRWX Post

40 1575.0 3938
21 3000.0 142.86

14.52

14.52

1
0.0001*

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is indicated. Total
Nitrogen concentrations apparently declined between
the EWQ and post-EWQ periods, though flow
differences, potential laboratory artifacts, and too few
post-EWQ samples produced uncertainty. TN is
unrelated to flow in both periods. The EWQ data
overall are far more variable than the post-EWQ data.
DRBC results could not be independently validated.
Post-EWQ median TN concentrations fell below the
EWQ lower 95% confidence interval.

Delaware River Basin Commission
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality (Table 2Y):

Median 0.37 mg/I
Lower 95% Confidence Interval 0.30 mg/I
Upper 95% Confidence Interval 0.64 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

40 255.0 6.38
21 485.8 2313

1418 ICP DRWX EWQ
1418 ICP DRWX Post

235
235
1
252

H statistic
X2 approximation
DF

pvalue

HO: 6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. No
measurable change occurred in TKN concentrations
between the EWQ and post-EWQ periods. TKN
concentration is unrelated to flow in both data sets.
Post-EWQ TKN was far less variable than EWQ TKN.
Post-EWQ median TKN fell within EWQ 95% confidence
intervals, but just barely. Though there was no
statistical difference between EWQ and post-EWQ TKN
due to fewer post-EWQ data (n=21), concentrations fell
somewhat and were far more stable, which may be real
or may be a laboratory artifact.

Delaware River Basin Commission
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Orthophosphate as P, Total mg/l (OP)
Existing Water Quality (Table 2Y):

Median 0.04 mg/I
Lower 95% Confidence Interval 0.03 mg/|
Upper 95% Confidence Interval 0.06 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

44 909.1 20.66
21 1904.8 90.70

1418 ICP DRWX EWQ
1418 ICP DRWX Post

7.93

7.93

1
0.00491

H statistic

X2 approximation
DF

p-value

HO:0,=6,=6..

The median of the populations are all equal.
H1:6,# 6, foratleastone i j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is indicated. OP appeared
to decline between the EWQ and post-EWQ periods.
However, differences in flow conditions, detection
limits, potential laboratory artifacts, and too few post-
EWQ samples produce uncertainty in the conclusion.
Orthophosphate is unrelated to flow in both data sets.
There were no independent data to confirm DRBC
results. DRBC detection limits improved between the
two periods, but concentrations are sufficiently high at
this location that there were few undetected results in
either data set.

Delaware River Basin Commission
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

pH, units
Existing Water Quality (Table 2Y):

Median 7.69 standard units
Lower 95% Confidence Interval 7.52 standard units
Upper 95% Confidence Interval 7.90 standard units

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1418 ICP DRWX EWQ
1418 ICP DRWX Post

n Rank sum Mean rank
50 1155 231
18 3209 17.83

112
112

1
0.2905

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..

The median of the populations are all equal.

H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. pH did not
measurably change between the EWQ and post-EWQ
periods. Under higher flow conditions, pH tends toward
neutral. pH is inversely related to flow in the post-EWQ
data.

Delaware River Basin Commission Delaware River at Washington Crossing - Page 16



Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Phosphorus as P, Total (TP) mg/I
Existing Water Quality (Table 2Y):

Median 0.10 mg/I
Lower 95% Confidence Interval 0.07 mg/|
Upper 95% Confidence Interval 0.12 mg/I

MonLoc_ShortSite_PreP

Kruskal-Wallis test

Result Measure by

ost

n Rank sum Mean rank

1418 ICP DRWX EWQ
1418 ICP DRWX Post!

Delaware River Basin Commission

41 1905.4
21 3720.0

17.33

17.33

1
<0.0001*

H statistic

X2 approximation
DF

p-value

H0:6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Delaware River at Washington Crossing - Page 17

46.47
177.14

No water quality degradation is indicated. Total
Phosphorus (TP) concentrations appeared to decline
significantly between the EWQ and post-EWQ periods.
However, differences in flow conditions, detection
limits, potential laboratory artifacts, and too few post-
EWQ samples produced uncertainty. TP is unrelated to
flow in both data sets. There were no undetected
results in either data set. No independent data were
available to confirm these results.




Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Specific Conductance umho/cm
Existing Water Quality (Table 2Y):

Median 187 umho/cm

Lower 95% Confidence Interval 158 umho/cm
Upper 95% Confidence Interval 206 umho/cm
Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1418 ICP DRWX EWQ
1418 ICP DRWX Post

n Rank sum Mean rank
50 245 0.49
18 68.1 3.78

0.24
0.24

H statistic
X2 approximation
DF

pvalue

HO: 6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

Some evidence of water quality degradation is
indicated. Specific conductance did not measurably
change between the EWQ and post-EWQ periods. In
both data sets, specific conductance is inversely related
to flow. In the post-EWQ data, low-flow conditions are
under-represented — with the higher flow driving the
median concentration down, even though post-EWQ
concentration appears to be about 10 umho/cm higher
on the flow relationship graph. Post-EWQ median
specific conductance fell within the EWQ 95%
confidence intervals.

Delaware River Basin Commission
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Total Dissolved Solids (TDS) mg/|
Existing Water Quality (Table 2Y):

Median 138 mg/I

Lower 95% Confidence Interval 130 mg/I

Upper 95% Confidence Interval 160 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1418 ICP DRWX EWQ
1418 ICP DRWX Post

n Rank sum Mean rank
47 2826.8 60.14
21 6326.7 301.27

23.47

23.47

1
<0.0001*

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is indicated. TDS
apparently declined between the EWQ and post-EWQ
periods. However, differences in flow conditions,
potential laboratory artifacts, and too few post-EWQ
samples produced uncertainty in the conclusion. TDS is
inversely related to flow. Post-EWQ median TDS was
below the EWQ 95% lower confidence interval, and
post-EWQ TDS range was narrower than EWQ TDS.
Post-EWQ detection limits were lower than EWQ
detection limits, though there were no non-detect
results even in 2000 when the detection limit was 20

mg/|.

Delaware River Basin Commission
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Total Suspended Solids (TSS) mg/|
Existing Water Quality (Table 2Y):

Median 6.0 mg/I

Lower 95% Confidence Interval 5.0 mg/I

Upper 95% Confidence Interval 8.0 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

47 137.9 293
21 308.6 14.69

1418 ICP DRWX EWQ
1418 ICP DRWX Post

H statistic
X2 approximation
DF

pvalue

HO: 6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. TSS did not
measurably change between the EWQ and post-EWQ
periods. However, potential laboratory artifacts and
insufficient post-EWQ sampling (n=21) introduced
analytical uncertainty. TSS is positively related to flow
in both data sets. Post-EWQ median TSS was well
above the EWQ upper 95% confidence interval, but this
was only because low-flow conditions were under-
represented in the post-EWQ data. Both distributions
were similarly shaped. On the flow vs. concentration
graph, both flow and concentration are plotted on a
logarithmic scale, and the regression is a power
relationship.

Delaware River Basin Commission
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Chapter 2: 1418 ICP
Delaware River at Washington Crossing Bridge

Turbidity NTU
Existing Water Quality (Table 2Y):

Median 4.0 NTU*

Lower 95% Confidence Interval 2.4 NTU

Upper 95% Confidence Interval 5.3 NTU

*Should have been designated in rules as flow-related

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

50 79.4 1.59
21 189.0 9.00

1418 ICP DRWX EWQ
1418 ICP DRWX Post

0.63
0.63

1
0.4273

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. All but five
post-EWQ turbidity results were within the expected
EWQ range of 0-15. All five were taken during high flow
conditions. However, insufficient post-EWQ sampling
(n=21) introduced analytical uncertainty. The post-EWQ
median turbidity was well above the EWQ upper 95%
confidence interval of the median, but overall turbidity
did not measurably change between the EWQ and post-
EWQ periods. In both data sets, the turbidity vs. flow
relationship is weakly positive. Post-EWQ N was far less
than EWQ N, and dry-weather samples were under-
represented in the post-EWQ data set.

Delaware River Basin Commission
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Chapter 2: 1418 ICP

Delaware River at Washington Crossing Bridge

Water Temperature, degrees C

Not included in DRBC Existing Water Quality rules

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

50 22 0.04
18 6.1 034

1418 ICP DRWX EWQ
1418 ICP DRWX Post

0.02
0.02
1

0.8839

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. Water
temperature did not measurably change between the
EWQ and post-EWQ periods. However, insufficient
post-EWQ sampling (n=21) introduced analytical
uncertainty. Water temperature is inversely related to
flow, though the relationship is weak. The distributions
were similar, except post-EWQ minimum and maximum
temperatures were higher than EWQ temperatures.

Delaware River Basin Commission
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Chapter 3: 1463 BCP Pidcock Creek, Bucks County, PA

Delaware River Basin Commission Pidcock Creek - Page 1



Analysis of flow differences between the EWQ and post-
EWQ periods:

1000 —-3-
I
1
I
|
|
100 l
1
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l | Pre-Post_Regs
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1 : T
! 4
—1_
0.1
1463 BCP Pidcock EWQ 1463 BCP Pidcock Post
MonLoc_ShortSite_PrePost
N 51
Flow cfs by
MonLoc_ShortSite_PreP Inter-quartile
ost Minimum 1stQuartile Median 3rd Quartile Maximum range
1463 BCP Pidcock EWQ 0.20 1.49 4.87 13.40 42.74 11.91
1463 BCP Pidcock Post 0.40 0.97 4.26 11.97 939.00 11.00
Kruskal-Wallis test
Flow cfs by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1463 BCP Pidcock EWQ 30 20.0 0.67
1463 BCP Pidcock Post 21 286 1.36
H statistic 0.22
X*approximation 022
DF 1
p-value 0.6391
HO:6,=6,=6...

The median of the populations are all equal.
H1:6,% 6, foratleastone i,j
The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

Flow was not significantly different between the two
periods. On an annual flow-duration curve, “normal”
flow of Pidcock Creek is about 11.3 cfs. The flow
conditions shown here represent actual measurements
taken during the May to September periods of multiple
years. Summer flow conditions are usually much dryer
as plant growth takes up much of the rainfall and
reduces baseflow.

Upstream ICP: Delaware River at Lambertville 1487 ICP
Downstream ICP: Delaware River at Washington
Crossing 1418 ICP

At the Bowman’s Hill Wildflower Preserve sampling site
the upstream drainage area is about 11.7 square miles.
Overall watershed size is 12.7 square miles. The
watershed is about 60% forested, only 0.3% urban
lands, and the underlying geology contains only 2.8%
carbonate bedrock. We chose Pidcock Creek as a
representative small Piedmont Watershed.

1000 =

100

= E

Flow cfs

R

2001 2002 2003 2009 2010 2011
yyyy
N 51
Inter-quartile
Flowcfs byyyyy | Minimum _ 1stQuartile Median 3rd Quartile  Maximum range

2001 1.0 3.0 58 17.1 369 14.2
2002 0.2 0.7 1.0 59 16.1 53
2003 23 4.7 6.0 145 427 9.9
2009 33 4.2 4.7 10.2 189 6.0
2010 0.4 0.4 05 51 113 4.7
2011 0.7 1.1 4.2 46.5 939.0 45.4

Annual flow statistics are plotted above. Flow is plotted
on a logarithmic scale. These are May to September
flow measurements associated with the time of each
water quality sample. “Normal” flow is about 11.3 cfs
at this location, but less (about 4 cfs) during the
summer. Note the maximum flow sampled in 2011,
which was sampled during a major flood (flow
estimated). The lowest flow we ever measured was 0.2
cfs in 2002. In this watershed, a high-flow event is
difficult to sample unless specifically targeted. This is
because the geology of this Piedmont stream does not
retain water very well. Most rainfall runs off within a
very short period. This “flashy” condition persists in
many other Piedmont streams of the Lower Delaware.

Under low to normal flow conditions, Pidcock Creek is
captured by the Delaware Canal. Its water quality
influence upon the Delaware River is minimal except
during high flow conditions. Many of the small
Pennsylvania streams located between Morrisville and
Easton are captured by the canal unless aqueducts were
historically built to pass canal flow over the stream.

Delaware River Basin Commission
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Alkalinity as CaCO3, Total mg/I
Existing Water Quality (Table 2X):

Median 77 mg/I

Lower 95% Confidence Interval 64 mg/I

Upper 95% Confidence Interval 87 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP

ost n Rank sum Mean rank

30 25.2 0.84
21 36.0 171

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

0.28
0.28
1

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.

H1:6,% 6, foratleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. Alkalinity did
not measurably change between the EWQ and post-
EWQ periods. Alkalinity is inversely related to flow in
both data sets. Post-EWQ median alkalinity fell within
EWQ 95% confidence intervals, and the post-EWQ data
were under-represented by dry weather samples. The
unusually low values seen on the post-EWQ box plot are
all high-flow samples. Flow is plotted on a logarithmic
axis because the flood samples stand out so much that
they obscure the view of the remaining data.

Delaware River Basin Commission
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Ammonia Nitrogen as N, Total mg/I
Existing Water Quality (Table 2X):

Median <0.05 mg/I (corrected from 0.05)
Lower 95% Confidence Interval <0.05 mg/I
Upper 95% Confidence Interval 0.06 mg/I

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

n Rank sum Mean rank

No water quality degradation is indicated. Ammonia
concentrations appeared to decline. No independent
data were available to validate the decline.

30 2707.5 90.25
21 3867.9 184.18

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

30.75

30.75

1
<0.00011

H statistic

X2 approximation
DF

p-value

HO: 6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

DRBC’s post-EWQ detection limit was much lower than
during the EWQ period. The EWQ data set possessed
fairly high frequencies of non-detect results (17 of 30
samples), interfering with estimation of the median.
There were 2 non-detect results in the 2009-2011 data.
Thus the result found by DRBC is most likely due to
adoption of more sensitive laboratory methods rather
than a real change in ambient concentrations. Some
improvement possibly took place, as the post-EWQ data
contained fewer high concentrations. Flow is plotted
on a logarithmic axis.

Delaware River Basin Commission
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Chloride, Total mg/I
Existing Water Quality (Table 2X):

Median 19 mg/I

Lower 95% Confidence Interval 17 mg/I

Upper 95% Confidence Interval 21 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum

Mean rank

30 842.7
21 1203.9

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

9.28

9.28

1
0.00231

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..

The median of the populations are all equal.

H1:6,# 6 foratleastonei,j

The median of the populations are notall equal.

28.09
57.33

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Water quality degradation is evident. Chloride

concentrations increased by about 5 mg/I between the

two periods. Post-EWQ median concentration rose
above the EWQ upper 95% confidence interval. 2011
data varied most widely. The unusually low

concentrations on the annual plot in 2011 were from

samples taken under high flow or flood conditions.

Flow is plotted on a logarithmic scale.

Delaware River Basin Commission
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Dissolved Oxygen (DO) mg/I
Existing Water Quality (Table 2X):

Median 7.45 mg/I
Lower 95% Confidence Interval 7.2 mg/I
Upper 95% Confidence Interval 8.5 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

30 35.2 117
19 55.6 293

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

0.44
0.44

H statistic

X2 approximation
DF

p-value

HO:8, =6, =6...

The median of the populations are all equal.
H1:8,#6 foratleastone i,j

The median of the populations are not all equal.

Do not reject the null hypothesis at the 5% significar

No water quality degradation is indicated. No
measurable change took place between the EWQ and
Post-EWQ periods. There was one sample in 2010 that
violated PA dissolved oxygen criteria. In June 2010, DO
concentration was 4.35 mg/l at mid-day. This occurred
during extreme low-flow conditions, when only
standing pools were visible in the stream. There was no
flow across riffles; only interstitial flow between pools.
There was probably enough decomposing material in
the stream to create substantial oxygen demand that
was not offset by primary production. DO saturation for
this sample was 50.1%. Flow is plotted on a logarithmic
axis.

Delaware River Basin Commission
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Dissolved Oxygen Saturation %
Existing Water Quality (Table 2X):

Median 81%
Lower 95% Confidence Interval 78%
Upper 95% Confidence Interval 86%

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

n Rank sum Mean rank

30 03 0.01
19 0.5 0.02

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

0.00
0.00

H statistic

X2 approximation
DF

p-value

0.9509

HO: 6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. Dissolved
Oxygen Saturation is unrelated to flow, and did not
measurably change between the EWQ and post-EWQ
periods. Interms of DO and DO%, water quality is not
optimal at this location. Optimally, there is a balance
between oxygen produced by plants and oxygen
demand by decomposing materials in the stream, and
DO% should be around 100%. As a rule of thumb, DO%
below 80% indicates excessive oxygen demand, and
over 120% indicates over-production of algae and plant
material. Note that flow is plotted on a logarithmic
scale.

Delaware River Basin Commission
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Enterococcus colonies/100 ml
Existing Water Quality (Table 2X):

Median 485/100 ml
Lower 95% Confidence Interval 170/100 ml
Upper 95% Confidence Interval 720/100 ml

Result Measure by

MonLoc_ShortSite_PreP

Kruskal-Wallis test

ost n Rank sum

Mean rank

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

X2 approximation

30 0.4
21 0.6

0.00
0.00

Hstatistic

DF
p-value

HO:6,=6,=6..

The median of the populations are all equal.

H1:6,# 6, foratleastone i,j

0.01
0.03

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% sigr

logarithmic scale.

No water quality degradation is evident. Enterococci
did not measurably change between the EWQ and Post-
EWQ periods. Sources of analytical uncertainty
included potential laboratory artifacts and insufficient
post-EWQ sampling (n=21). Enterococcus
concentrations are unrelated to flow in both data sets.
Note that concentrations and flows are plotted on a

Delaware River Basin Commission
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Escherichia coli colonies/100 ml
Existing Water Quality (Table 2X):

Median 91/100 ml

Lower 95% Confidence Interval 64/100 ml

Upper 95% Confidence Interval 170/100 ml
Defined in regulations as a flow-related parameter

Delaware River Basin Commission

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

n Rank sum Mean rank
30 896.5 29.88
21 1280.8 60.99

9.86

9.86

1
0.0017%

H statistic
X2 approximation
DF

pvalue

HO: 6, =6, = ..
The median of the populations are all equal.
H1:6,# 6, foratleast one i,j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Water quality degradation is evident. E. coli
concentrations apparently rose between the EWQ and
Post-EWQ periods. Sources of analytical uncertainty
included potential laboratory artifacts and insufficient
post-EWQ sampling (n=21). Note that concentrations
and flows are plotted on a logarithmic scale. No
independent data were available at this site to validate
DRBC's conclusion. The increase is reported as such in
the summary matrix, but confidence in the conclusion is
low because of low N and high variability. The reason
for the increase remains unexplained.
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Fecal coliform colonies/100 ml
Existing Water Quality (Table 2X):

Median 195/100 ml

Lower 95% Confidence Interval 130/100 ml

Upper 95% Confidence Interval 310/100 ml
Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP

ost n Rank sum Mean rank

30 2324 7.75
21 3320 15.81

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

2.56
2.56

1
0.1099

H statistic

X2 approximation
DF

p-value

HO: 6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. Fecal coliform
concentrations apparently did not measurably change
between the EWQ and post-EWQ periods. Sources of
analytical uncertainty included potential laboratory
artifacts and insufficient post-EWQ sampling (n=21).
Fecal coliform concentrations are positively but weakly
related to flow. Post-EWQ median concentrations were
above the EWQ upper 95% confidence interval, but the
data are so variable that no statistical difference was
detectable. Note that concentrations and flows are
plotted on a logarithmic scale.

Delaware River Basin Commission
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Hardness as CaCO3, Total mg/I
Existing Water Quality (Table 2X):

Median 108 mg/I

Lower 95% Confidence Interval 97 mg/I

Upper 95% Confidence Interval 110 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

n Rank sum Mean rank
30 14.7 0.49
21 21.0 1.00

0.16
0.16

1
0.6870

H statistic

X? approximation
DF

p-value

HO: 6, = 6, = 6..
The median of the populations are all equal.

H1:6,# 6 for atleast one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. Hardness did
not measurably change between the EWQ and post-
EWQ periods. Sources of analytical uncertainty
included potential laboratory artifacts and insufficient
post-EWQ sampling (n=21). Hardness is inversely
related to flow. Post-EWQ median hardness fell within
the EWQ 95% confidence intervals. The unusually low
values observed in the post-EWQ period were sampled
during high-flow or flood events. Note that flows are

plotted on a logarithmic scale.

Delaware River Basin Commission Pidcock Creek - Page 11



Chapter 3: 1463 BCP
Pidcock Creek, PA

Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (Table 2X):

Median 0.99 mg/I
Lower 95% Confidence Interval 0.90 mg/|
Upper 95% Confidence Interval 1.28 mg/I

No water quality degradation is evident. Nitrate
concentrations apparently declined between the EWQ
and post-EWQ periods. However, there are potential
laboratory artifacts and detection limit differences that
introduce uncertainty in the conclusion. Nitrate is
positively but weakly related to flow.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

n Rank sum Mean rank
30 874.8 29.16
21 1249.7 59.51

9.61

9.61

1
0.0019*

H statistic

X2 approximation
DF

p-value

HO:0,=6,=6..

The median of the populations are all equal.
H1:6,# 6, foratleastone i j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

On the annual plot, 2002-2003 EWQ nitrates appear to
match well with post-EWQ nitrate + nitrite for 2009.
Nitrate + Nitrite concentrations are assumed to be
equivalent for comparison with EWQ nitrate
concentrations, since EWQ nitrite concentrations were
never detected. Note that flows are plotted on a
logarithmic scale. Independent data were not available
for validation of the apparent decline. Post-EWQ
median nitrate + nitrite concentrations fell below the
EWQ lower 95% confidence interval.

Delaware River Basin Commission
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Nitrogen as N, Total (TN) mg/I
Existing Water Quality (Table 2X):

Median 1.63 mg/I
Lower 95% Confidence Interval 1.46 mg/I
Upper 95% Confidence Interval 2.09 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

30 681.6 22.72
21 973.8 46.37

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

7.49

7.49

1
0.0062*

H statistic
X2 approximation
DF

pvalue

HO: 6, =6, = ..
The median of the populations are all equal.
H1:6,# 6, foratleast one i,j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident. Total Nitrogen
concentrations apparently declined between the EWQ
and post-EWQ periods. However, differences in
detection limits and laboratory artifacts introduced
uncertainty in such a conclusion. TN is weakly related
to flow in the EWQ period, but unrelated to flow in the
post-EWQ period. Note that flows are plotted on a
logarithmic scale. DRBC results could not be
independently validated. Post-EWQ median TN
concentrations fell below the EWQ lower 95%
confidence interval.

Delaware River Basin Commission
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality (Table 2X):

Median 0.50 mg/I
Lower 95% Confidence Interval 0.28 mg/|
Upper 95% Confidence Interval 0.72 mg/I

No water quality degradation is evident. No
measurable change occurred in TKN concentrations
between the EWQ and post-EWQ periods. However,
potential laboratory artifacts and insufficient post-EWQ
sampling (n=21) introduced analytical uncertainty.

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP

n Rank sum Mean rank
30 93.6 312
21 1338 6.37

ost
1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

1.03
1.03

1
0.3104

H statistic

X2 approximation
DF

p-value

HO: 6,=6,=6..

The median of the populations are all equal.

H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

TKN concentration is unrelated to flow in the EWQ data
sets, and weakly related in the post-EWQ data set. TKN
ranges less widely in the post-EWQ data set. Note that
flows are plotted on a logarithmic scale. Post-EWQ
median TKN fell within EWQ 95% confidence intervals,
but very near the lower 95% confidence interval.
Though there was no statistical difference between
EWQ and post-EWQ TKN, concentrations appeared to
fall somewhat and were far more stable. Unlike nitrate
+ nitrite and other parameters, the TKN data sets are
more directly comparable since there are no
discrepancies in detection limits throughout the two
periods, and the flow regime is well represented in both
periods.

Delaware River Basin Commission
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Orthophosphate as P, Total mg/|
Existing Water Quality (Table 2X):

Median 0.07 mg/I
Lower 95% Confidence Interval 0.05 mg/|
Upper 95% Confidence Interval 0.08 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

30 108.3 3.61
21 154.7 737

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

119
119
1

H statistic

X2 approximation
DF

p-value

HO:8, =6, =6...

The median of the populations are all equal.
H1:8,#6 foratleastone i,j

The median of the populations are not all equal.

Do not reject the null hypothesis at the 5% significar

No water quality degradation is evident.
Orthophosphate concentrations did not measurably
change between the EWQ and post-EWQ periods.
However, potential laboratory artifacts and insufficient
post-EWQ sampling (n=21) introduced analytical
uncertainty. Orthophosphate is very weakly related to
flow in both data sets. Note that flows are plotted on a
logarithmic scale. Post-EWQ median orthophosphate
fell within EWQ 95% confidence intervals, but very near
the lower 95% confidence interval. There were no
independent data to confirm DRBC results. DRBC
detection limits improved between the two periods, but
there were no undetected results in either data set.

Delaware River Basin Commission
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Chapter 3: 1463 BCP
Pidcock Creek, PA

pH, units
Existing Water Quality (Table 2X):

Median 7.39 standard units
Lower 95% Confidence Interval 7.20 standard units
Upper 95% Confidence Interval 7.44 standard units

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

30 154.1 5.14
20 231.2 11.56

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

1.82
1.82
1

H statistic
X2 approximation
DF

pvalue

HO: 6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for at least one i,j

The median of the populations are notall equal.
Do not reject the nu |

wypothesis at the 5% significar

No water quality degradation is indicated. pH did not
measurably change between the EWQ and post-EWQ
periods. Under higher flow conditions, pH tends toward
neutral, though pH is unrelated to flow in both data
sets. Post-EWQ median pH fell within the EWQ 95%
confidence intervals. Note that flows are plotted on a

logarithmic scale.

Delaware River Basin Commission
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Phosphorus as P, Total (TP) mg/I
Existing Water Quality (Table 2X):

Median 0.10 mg/I
Lower 95% Confidence Interval 0.08 mg/|
Upper 95% Confidence Interval 0.12 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

30 108.3 3.61
21 154.7 737

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

1.19

119

1
0.2746*

H statistic

X2 approximation
DF

p-value

HO:8, =6, =6...
The median of the populations are all equal.
H1:8,#6 foratleastone i,j

The median of the populations are not all equal.

Do not reject the null hypothesis at the 5% significar

No water quality degradation is indicated. Total
Phosphorus (TP) concentrations did not measurably
change between the EWQ and post-EWQ periods.
However, potential laboratory artifacts and insufficient
post-EWQ sampling (n=21) introduced analytical
uncertainty. Post-EWQ median total phosphorus fell
below the EWQ lower 95% confidence interval, but
there were insufficient data for a statistically significant
decline. TP is unrelated to flow in both data sets. Note
that flows are plotted on a logarithmic scale. No
independent data were available to confirm these
results.
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Specific Conductance umho/cm
Existing Water Quality (Table 2X):

Median 255 umho/cm

Lower 95% Confidence Interval 243 umho/cm
Upper 95% Confidence Interval 276 umho/cm
Defined in regulations as a flow-related parameter

Evidence of water quality degradation is indicated.
Specific conductance rose by about 27 umho/cm, which
is above the EWQ upper 95% confidence interval. In
both data sets, specific conductance is inversely related
to flow.

325
-y i
|
| /
275 = i 3
g 4 ) } Pre-Post_Regs
2 1
g2 I ! Ewa
= i |
: | Post
E ) !
8 | !
< 175 | }
! |
|
|
1 |
125 |
|
.
75
1463 BCP Pidcock EWQ 1463 BCP Pidcock Post
Monloc_ShortSite_PrePost
N 50
Result Measure by’
MonlLoc_ShortSite_PreP Inter-quartile
ost| Minimum 1st Quartile Median 3rd Quartile  Maximum range
1463 BCP Pidcock EWQ 139 23538 255.0 277.1 311 413
1463 BCP Pidcock Post 99 2514 282.5 305.6 334 54.2
Kruskal-Wallis test
Result Measure by
MonlLoc_ShortSite_PreP
ost n Rank sum Mean rank
1463 BCP Pidcock EWQ 30 360.5 12.02
1463 BCP Pidcock Post 20 540.8 27.04

4.24

4.24

1
0.0394*

H statistic

X2 approximation
DF

p-value

H0:6,=6,=6..
The median of the populations are all equal.
H1:0,# 6, foratleastone i,j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

In the post-EWQ data, a single outlier drives the
regression, but the flow relationship remains strong
even so. The outlier was a sample taken during flood
conditions. Note that flows are plotted on a logarithmic
scale. The rise in specific conductance may be
attributable to the concurrent rise in chloride
concentrations. No new dischargers are present in the
watershed. Specific conductance has risen from a
median of 255 umho/cm, which was around the upper
limit of typical concentration for a relatively
undeveloped Piedmont stream. It is now 282
umho/cm, which is a significant increase in a short time.

Delaware River Basin Commission
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Total Dissolved Solids (TDS) mg/|
Existing Water Quality (Table 2X):

Median 185 mg/I

Lower 95% Confidence Interval 170 mg/I

Upper 95% Confidence Interval 190 mg/I

Defined in regulations as a flow-related parameter

No water quality degradation is evident. TDS
apparently declined between the EWQ and post-EWQ
periods. However, potential laboratory artifacts
introduced uncertainty in this conclusion.

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP

ost n Rank sum Mean rank

30 1809.6 60.32
21 2585.2 123.10

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

20.04

20.04

1
<0.00011

H statistic

X2 approximation
DF

p-value

H0:6,=6,=6..
The median of the populations are all equal.
H1:0,# 6, foratleastone i,j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

TDS is inversely related to flow, though weakly in the
EWQ data set. Stream flows were not significantly
different between the two periods. Post-EWQ median
TDS was well below the EWQ 95% lower confidence
interval. Post-EWQ detection limits were lower than
EWQ detection limits, though there were no non-detect
results at any time. Unusually low TDS values in the
post-EWQ data are all high flow or flood samples,
though TDS was generally lower in the post-EWQ data
throughout the entire data distribution. Note that flows
are plotted on a logarithmic scale.
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Total Suspended Solids (TSS) mg/|
Existing Water Quality (Table 2X):

Median 3.0 mg/I

Lower 95% Confidence Interval 2.0 mg/I

Upper 95% Confidence Interval 4.0 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

30 149.6 4.99
21 213.8 10.18

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

1.65
1.65
1

H statistic
X2 approximation
DF

pvalue

HO: 6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. TSS did not
measurably change between the EWQ and post-EWQ
periods. However, potential laboratory artifacts and
insufficient post-EWQ sampling (n=21) introduced
analytical uncertainty. TSS is positively though weakly
related to flow in both data sets. Post-EWQ median TSS
was slightly above the EWQ upper 95% confidence
interval, but the difference was not statistically
significant. Both distributions were similarly shaped.
Note that both flow and concentration are plotted on a
logarithmic scale.
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Turbidity NTU
Existing Water Quality (Table 2X):

Median 3.7 NTU

Lower 95% Confidence Interval 2.5 NTU

Upper 95% Confidence Interval 5.3 NTU

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP

ost n Rank sum Mean rank

30 126.1 4.20
21 180.1 8.58

1463 BCP Pidcock EWQ
1463 BCP Pidcock Post

139
139
1

H statistic

X2 approximation
DF

p-value

HO: 6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. Turbidity did
not measurably change between the EWQ and post-
EWQ periods. The post-EWQ median turbidity fell
within the EWQ 95% confidence intervals of the
median. In both data sets, the turbidity vs. flow
relationship is positive, though the post-EWQ
relationship is weak and driven by a single outlier
sample taken during a major flood. Note that both
concentration and flow is represented on logarithmic
scales in all charts.
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Chapter 3: 1463 BCP
Pidcock Creek, PA

Water Temperature, degrees C

Not included in DRBC Existing Water Quality rules

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

1463 BCP Pidcock EWQ 30 76.8 2.56
1463 BCP Pidcock Post 20 115.2 5.76
H statistic 0.90
X2 approximation 0.90
DF 1
p-value 0.3418
HO:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, for at least one i,j
The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. Water
temperature did not measurably change between the
EWQ and post-EWQ periods. Water temperature is not
related to flow in either data set. There were less cool
temperatures in the post-EWQ data set. Note that flows

are plotted on a logarithmic scale.
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Chapter 4: 1487 ICP Delaware River at Lambertville/New Hope Bridge, NJ/PA
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Analysis of flow differences between the EWQ and post-

EWQ monitoring periods:

1000000
100000
- " L1 4]
10000 ._ -
" =
) ] w
K
> 1000
°
T
100
10
1
EwQ Post
Pre-Post_Regs
N 58
Flow cfs by Pre- Inter-quartile
Post_Regs Minimum 1st Quartile Median Maximum range
EwQ 2,835 3,987 10,286 38,963 11,386
Post 2,473 5,862 14,483 100,496 19,689
Kruskal-Wallis test
Flow cfs by Pre-
Post_Regs n Rank sum Mean rank
EwQ 37 318.2 8.60
Post 21 560.6 26.69
H statistic 3.08
X? approximation 3.08
DF 1
p-value 0.0792
H0: 0, =8, =6..

The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance

eve

Flow was not statistically different between the two

periods at this location, though EWQ flow was normal
for the May to September period and post-EWQ flow

was generally above-normal.

Upstream ICP: Delaware River at Bulls Island 1554 ICP
Downstream ICP: Delaware River at Washington

Crossing 1418 ICP

Tributary BCP Watersheds in Upstream Reach:

Alexauken Creek, NJ — 1495 BCP (new, EWQ definition

in progress)

Wickecheoke Creek, NJ — 1525 BCP

Lockatong Creek, NJ — 1540 BCP

All other tributaries to the upstream reach are less than

20 square miles drainage area, possess no wastewater

discharges, and are expected to exert very little water

quality influence upon the Delaware River.

100000

) T - :
4 n
S w i
5 ]
T 10000 u - =
- == .
) =
L
e m—
1000
2001 2002 2003 2004 2009 2010 2011
yyyy
N 58
Inter-quartile
Flow cfs by yyyy Minimum 1st Quartile Median 3rd Quartile Maximum range
2001 3,245 3,284 4,450 6,157 14,474 2,872
2002 2,835 3,274 3,818 14,233 25,471 10,959
2003 7,346 11,473 15,201 18,099 38,963 6,626
2004 5,114 6,236 13,501 16,826 20,471 10,590
2009 5,990 6,315 17,341 28,178 28,178 21,863
2010 2,473 3,025 3,389 6,618 8,641 3,593
2011 5,153 13,987 18,277 31,487 100,496 17,500

Annual flow statistics are plotted above. Flow is plotted

on a logarithmic scale. These are May to September

flow measurements associated with the time of each

water quality sample. Flow is estimated at this location

using drainage area weighting based on the USGS

continuous stream gage at Trenton, NJ. “Normal” flow
is about 10,000 cfs at this location on the Delaware

River.
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Alkalinity as CaCO3, Total mg/I
Existing Water Quality (Table 2W):

Median 46 mg/I

Lower 95% Confidence Interval 36 mg/I

Upper 95% Confidence Interval 52 mg/|

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

n Rank sum Mean rank
37 443 1.20
21 78.1 372

0.43
043

H statistic

X2 approximation
DF

p-value

1
0.5120

HO: 8,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance le

No water quality degradation is evident. Alkalinity did
not measurably change between the EWQ and post-
EWQ periods. Alkalinity is inversely related to flow.
Post-EWQ median alkalinity fell within the EWQ 95%
confidence intervals. The overall distributions were
closely matched. Note that flow is plotted on a
logarithmic scale.
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Ammonia Nitrogen as N, Total mg/I
Existing Water Quality (Table 2W):

Median <0.05 mg/|
Lower 95% Confidence Interval <0.05 mg/I
Upper 95% Confidence Interval 0.05 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

No water quality degradation is evident. Ammonia
concentrations apparently declined. However,
differences in detection limits and potential laboratory
artifacts introduced uncertainty in the conclusion. No
independent data were available to validate results.

37 19484 52.66
20 3604.6 180.23

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

21.10

21.10

1
<0.00011t

H statistic

X2 approximation
DF

p-value

HO:8,=6,=0..

The median of the populations are all equal.
H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

The post-EWQ detection limit (0.004-0.006 mg/l) was
much lower than the EWQ period (0.05 mg/I 2002-
2003; 0.02 mg/l in 2004). The EWQ data set possessed
24/37 undetected results, which interfered with
estimation of the median concentration. Under lower
detection levels there was only one non-detect result in
the post-EWQ period. Only 10% (2/20) of post-EWQ
results were above 0.05 mg/I, where 27% (10/37) of
EWQ results were above 0.05 mg/l. This may represent
a water quality improvement.

Delaware River Basin Commission
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Chloride, Total mg/I
Existing Water Quality (Table 2W):

Median 18 mg/I

Lower 95% Confidence Interval 16 mg/I

Upper 95% Confidence Interval 20 mg/I

Defined in regulations as a flow-related parameter

Delaware River Basin Commission

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

n Rank sum Mean rank
37 48.8 132
21 86.0 4.10

0.47
0.47

1
0.4913

H statistic

X? approximation
DF

p-value

H0:6,=6,=6..

The median of the populations are all equal.

H1:6,% 6, foratleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

Some evidence exists of water quality degradation.
Chloride concentrations apparently did not measurably
change between the two periods. Sources of analytical
uncertainty included potential laboratory artifacts and
insufficient post-EWQ sampling (n=21). Post-EWQ
median concentration was above the upper EWQ 95%
confidence interval, but there were too few post-EWQ
data (n=21) for a significant difference. Both sets are
strongly related to flow, which is plotted on a
logarithmic scale.
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Dissolved Oxygen (DO) mg/I
Existing Water Quality (Table 2W):

Median 8.50 mg/I
Lower 95% Confidence Interval 7.90 mg/|
Upper 95% Confidence Interval 8.63 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

37 164.4 4.44
19 320.2 16.85

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

1.82
1.82

1
0.1770

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance le

No water quality degradation is evident. No
measurable change took place between the EWQ and
Post-EWQ periods. Post-EWQ dissolved oxygen
concentrations fell within the EWQ 95% confidence
intervals. Note that flow is plotted on a logarithmic
scale for best view of the data. DO is unrelated to flow.

Delaware River Basin Commission
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Dissolved Oxygen Saturation %
Existing Water Quality (Table 2W):

Median 94%
Lower 95% Confidence Interval 93%
Upper 95% Confidence Interval 95%

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

37 439.4 11.87
19 855.6 45.03

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

4.87

4.87

1
0.0274*

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alterative hypothesis at the 5% significance level

No water quality degradation is evident. Dissolved
Oxygen Saturation increased between the EWQ and
post-EWQ periods. The main driver of the change was
that DO saturation ranged widely in 2011, indicating
higher than usual primary productivity by algae and
plant activity that summer. Post-EWQ median DO
saturation rose above the EWQ upper 95% confidence
interval. Post-EWQ minimum DO saturation, at 70%,
indicates unusually high oxygen demand during one of
the sampling events. Overall post-EWQ DO saturation
rose to “normal” levels for a wide, shallow, highly
productive river. Dissolved Oxygen Saturation is
unrelated to flow. Flow is plotted on a logarithmic
scale.

Delaware River Basin Commission
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Enterococcus colonies/100 ml
Existing Water Quality (Table 2W):

Median 60/100 ml
Lower 95% Confidence Interval 38/100 ml
Upper 95% Confidence Interval 80/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

n Rank sum Mean rank
37 653.5 17.66
21 11514 54.83

6.33

6.33

1
0.0118*

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alterative hypothesis at the 5% significance level

Weak evidence of degradation exists. Enterococci
apparently rose between the two periods, and the post-
EWQ median was higher than the EWQ upper 95%
confidence interval. Sources of analytical uncertainty
included potential laboratory artifacts and insufficient
post-EWQ sampling (n=21). Enterococcus

concentrations are positively related to flow in the post-

EWQ data set, but the regression is driven by a single
outlier sample taken during flood conditions. Note that
concentrations and flows are plotted on a logarithmic
scale.
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Escherichia coli colonies/100 ml
Existing Water Quality (Table 2W):

Median 40/100 ml

Lower 95% Confidence Interval 16/100 ml

Upper 95% Confidence Interval 62/100 ml

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

n Rank sum Mean rank
37 8324 22.50
21 1466.7 69.84

8.08

8.08

1
0.00451

H statistic

X2 approximation
DF

p-value

H0:0,=6,=0..

The median of the populations are all equal.
H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

E. coli concentrations are positively related to flow, but
the relationship is weak in the post-EWQ data. No
independent data from other agencies were available at

Weak evidence of water quality degradation exists. E.

coli concentrations apparently rose above the EWQ

upper 95% confidence interval. Sources of analytical this site to validate DRBC’s conclusion. The reason for

uncertainty included potential laboratory artifacts and the increase remains unexplained other than the

insufficient post-EWQ sampling (n=21). prevalence of higher flow conditions in the post-EWQ

period.
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Fecal coliform colonies/100 ml
Existing Water Quality (Table 2W):

Median 55/100 ml
Lower 95% Confidence Interval 32/100 ml
Upper 95% Confidence Interval 120/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

37 14.3 0.39
21 25.2 1.20

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

0.14
0.14

H statistic

X? approximation
DF

p-value

H0:6,=6,=6..
The median of the populations are all equal.

H1:6,% 6, foratleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. Fecal coliform
concentrations apparently did not measurably change
between the EWQ and post-EWQ periods. Sources of
analytical uncertainty included potential laboratory
artifacts and insufficient post-EWQ sampling (n=21).
Fecal coliform concentrations are positively related to
flow. Post-EWQ median concentrations fell within the
EWQ 95% confidence intervals. As with the EWQ data
set in 2003-2004, post-EWQ high concentrations are
most likely during wet weather conditions as seen in
2009 and 2011. Note that both concentrations and
flows are presented on a logarithmic scale.

Delaware River Basin Commission
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Hardness as CaCO3, Total mg/I
Existing Water Quality (Table 2W):

Median 68 mg/I

Lower 95% Confidence Interval 56 mg/I

Upper 95% Confidence Interval 77 mg/|

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

37 128.7 3.48
21 226.7 10.80

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

1.25
1.25

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance le

No water quality degradation is indicated. Hardness did
not measurably change between the EWQ and post-
EWQ periods. Sources of analytical uncertainty
included potential laboratory artifacts and insufficient
post-EWQ sampling (n=21). Hardness is inversely
related to flow. Post-EWQ median hardness fell within
the EWQ 95% confidence intervals. Flow is plotted on a
logarithmic scale.

Delaware River Basin Commission
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (Table 2W):

Median 1.11 mg/I
Lower 95% Confidence Interval 0.90 mg/|
Upper 95% Confidence Interval 1.28 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

n Rank sum Mean rank
37 12435 3361
21 2191.0 104.33

ost
1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

12.05

12.05

1
0.0005*

H statistic

X? approximation
DF

p-value

H0:6,=6,=6..
The median of the populations are all equal.
H1:6,% 6, foratleastone i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

The annual plot shows a declining trend in
concentration within the EWQ period that appears to
stabilize into the post-EWQ period. 2002-2004 EWQ
nitrates appear to match with post-EWQ nitrate +
nitrite. Nitrate + Nitrite concentrations were assumed
equivalent with EWQ nitrate alone, since EWQ nitrite
concentrations were never detected at this site. Note
that flow is plotted on a logarithmic scale. Independent

data were not available for comparison. Post-EWQ

No water quality degradation is evident. Nitrate median nitrate + nitrite concentrations fell below the

concentrations apparently declined between the EWQ EWQ lower 95% confidence interval. There were no

and post-EWQ periods. However, potential laboratory undetected results in either data set.

artifacts and insufficient post-EWQ sampling produced
analytical uncertainty.
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Nitrogen as N, Total (TN) mg/I
Existing Water Quality (Table 2W):

Median 1.56 mg/I
Lower 95% Confidence Interval 1.36 mg/|
Upper 95% Confidence Interval 1.84 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

n Rank sum Mean rank
37 1174.9 31.75
21 2070.1 98.58

ost
1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

11.38

11.38

1
0.0007*

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alterative hypothesis at the 5% significance level

No water quality degradation is evident. Total Nitrogen
concentrations apparently declined between the EWQ
and post-EWQ periods. However, potential laboratory
artifacts weaken the conclusion. TN is unrelated to flow
in both periods. The EWQ data overall are more
variable than the post-EWQ data. DRBC results could
not be independently validated.

Post-EWQ median TN concentrations fell below the
EWQ lower 95% confidence interval, which may indicate
a water quality improvement.

Delaware River Basin Commission
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality (Table 2W):

Median 0.46 mg/I
Lower 95% Confidence Interval 0.34 mg/|
Upper 95% Confidence Interval 0.66 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

37 202.2 5.47
21 356.3 16.97

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

1.96

1.96

1
0.161

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance le

No water quality degradation is evident. No apparent
measurable change occurred in TKN concentrations
between the EWQ and post-EWQ periods. However,
potential laboratory artifacts and insufficient post-EWQ
sampling produced analytical uncertainty. TKN
concentration is unrelated to flow in EWQ data, but
positively related in post-EWQ data. Post-EWQ TKN
was less variable than EWQ TKN. The plots look strange
due to an unusually high unexplained measurement
taken in 2001 (6.9 mg/l, removed in the flow
relationship plot for better visibility of all other data).
Post-EWQ median TKN fell below the EWQ lower 95%
confidence interval.

Delaware River Basin Commission
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Orthophosphate as P, Total mg/l (OP)
Existing Water Quality (Table 2W):

Median 0.04 mg/I
Lower 95% Confidence Interval 0.04 mg/|
Upper 95% Confidence Interval 0.07 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

37 580.1 15.68
21 1022.0 48.67

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

567
5.67

H statistic

X2 approximation
DF

p-value

1
0.01731

HO: 8,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident. OP
concentrations appeared to decline between the EWQ
and post-EWQ periods. However, differences in
detection limits and potential laboratory artifacts
produced uncertainty. Post-EWQ median OP fell below
the EWQ lower 95% confidence interval, though that
interval was established around the detection limit.
Orthophosphate is unrelated to flow in the post-EWQ
data, but inversely and weakly related to flow in the
EWQ data set. Flow is plotted on a logarithmic scale.
There were no independent data to confirm DRBC
results.

Delaware River Basin Commission

Delaware River at Lambertville - Page 15



Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

pH
Existing Water Quality (Table 2W):

Median 7.55 standard units
Lower 95% Confidence Interval 7.40 standard units
Upper 95% Confidence Interval 7.60 standard units

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

n Rank sum Mean rank
37 7.4 0.20
20 136 0.68

0.08
0.08

1
0.7825

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. pH did not
measurably change between the EWQ and post-EWQ
periods. Post-EWQ median pH fell between the EWQ
95% confidence intervals. Under higher flow
conditions, pH tends toward neutral. During low flow
and high primary productivity periods, pH criteria are

occasionally exceeded at this location. Flow is plotted

on a logarithmic scale.
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Phosphorus as P, Total (TP) mg/I
Existing Water Quality (Table 2W):

Median 0.10 mg/I
Lower 95% Confidence Interval 0.08 mg/|
Upper 95% Confidence Interval 0.12 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

n Rank sum Mean rank
37 1675.7 45.29
21 2952.4 140.59

16.28

16.28

1
<0.0001*

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident. Total
Phosphorus (TP) concentrations apparently declined
between the EWQ and post-EWQ periods. However,
differences in detection limits and potential laboratory
artifacts introduced uncertainty. Post-EWQ median TP
fell below the EWQ lower 95% confidence interval. TP
is unrelated to flow in both data sets. No independent

data were available to confirm these results.
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Specific Conductance umho/cm
Existing Water Quality (Table 2W):

Median 191 umho/cm

Lower 95% Confidence Interval 156 umho/cm
Upper 95% Confidence Interval 207 umho/cm
Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

37 220 0.59
20 40.6 2.03

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

0.23
0.23

H statistic

X? approximation
DF

p-value

0.6336

H0:6,=6,=6..
The median of the populations are all equal.
H1:6,% 6, foratleastone i j
The median of the populations are notall equal.
Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. Specific
conductance did not measurably change between the
EWQ and post-EWQ periods. Cumulative frequency
distributions of both data sets are nearly identical. In
both data sets, specific conductance is inversely related
to flow. Post-EWQ median specific conductance fell
within the EWQ 95% confidence intervals. Flow is
plotted on a logarithmic scale.

Delaware River Basin Commission
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Total Dissolved Solids (TDS) mg/|
Existing Water Quality (Table 2W):

Median 140 mg/I

Lower 95% Confidence Interval 127 mg/I

Upper 95% Confidence Interval 160 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

37 2126.5 57.47
21 3746.7 178.41

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

20.65

20.65

1
<0.0001*

H statistic

X? approximation
DF

p-value

H0:6,=6,=6..
The median of the populations are all equal.
H1:6,% 6, foratleastone i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident. TDS
apparently declined between the EWQ and post-EWQ
periods. However, flow condition differences and
potential laboratory artifacts introduced uncertainty.
TDS is inversely related to flow, which is plotted on a
logarithmic scale. As fewer post-EWQ samples were
low-flow samples, the decline in TDS may be explained
partly by flow effects. Post-EWQ median TDS was
below the EWQ 95% lower confidence interval. There
were no undetected results in either data set.
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Total Suspended Solids (TSS) mg/|
Existing Water Quality (Table 2W):

Median 6.5 mg/I

Lower 95% Confidence Interval 3.5 mg/I

Upper 95% Confidence Interval 9.0 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

37 717 1.94
21 126.3 6.01

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

0.70
0.70

1
0.4045

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance le

No water quality degradation is evident. TSS did not
measurably change between the EWQ and post-EWQ
periods. However, potential laboratory artifacts and
insufficient post-EWQ sampling produced analytical
uncertainty. TSS is positively related to flow in both
data sets. Post-EWQ median TSS was above the EWQ
upper 95% confidence interval, but the differences
appear to be flow-related, as there were fewer dry
weather samples in the post-EWQ data set. Flow and
concentrations are plotted on a logarithmic scale.
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Turbidity NTU
Existing Water Quality (Table 2W):

Median 2.5 NTU

Lower 95% Confidence Interval 1.8 NTU

Upper 95% Confidence Interval 6.0 NTU

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

37 136.2 3.68
21 240.0 11.43

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

132
132

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance le

No water quality degradation is evident. All but five
post-EWQ turbidity results were within the expected
EWQ range of 0-15. All five were taken during high flow
conditions. The post-EWQ median turbidity was within
but near the EWQ upper 95% confidence interval, but
overall turbidity did not measurably change. Turbidity
is positively related to flow. Post-EWQ N was far less
than EWQ N, and dry-weather samples were under-
represented in the post-EWQ data set. Both
concentration and flow are represented on a
logarithmic scale.
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Chapter 4: 1487 ICP
Delaware River at Lambertville/New Hope Bridge, NJ/PA

Water Temperature, degrees C

Not included in DRBC Existing Water Quality rules

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1487 ICP DRLamb EWQ
1487 ICP DRLamb Post

n Rank sum Mean rank
37 6.5 0.18
20 12.0 0.60

0.07
0.07

1
0.7955

H statistic

X? approximation
DF

p-value

H0:6,=6,=6..
The median of the populations are all equal.
H1:6,% 6, foratleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. Water
temperature did not measurably change between the
EWQ and post-EWQ periods. Water temperature is
inversely related to flow, though the relationship is

weak. The distributions were almost identical, except

post-EWQ minimum and maximum temperatures were
higher than EWQ temperatures.
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Chapter 5: 1525 BCP Wickecheoke Creek, Hunterdon County, NJ
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Analysis of flow differences between the EWQ and post-
EWQ periods:

Kruskal-Wallis test

Flow cfs by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

1525 BCP Wickech EWQ! 38 318.4 8.38
1525 BCP Wickech Post 16 756.3 47.27

434
434
1
0.03721

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for atleast one i,j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Flow was higher during the post-EWQ period.
Numerous samples were collected in the EWQ period
when the flow was less than 3 cfs. The minimum flow
sampled in the post-EWQ period was 3.4 cfs. This has a
major effect upon analysis of within-site water quality
changes between the two periods, especially for those
parameters that are flow-related.

The 27 square mile watershed is about 48% forested,
with less than 1% urban land cover. There is no
carbonate bedrock in the watershed.

Wickecheoke Creek is captured by the Delaware and
Raritan Canal and is used as public water supply,
exported outside the Delaware River Basin via the New
Jersey Water Supply Authority. Its water quality
influence upon the Delaware River is minimal except
during high-flow conditions.

Annual May to September flow statistics are plotted
above. Flow is plotted on a logarithmic scale. These are
flow measurements or sometimes estimates associated
with the time of each water quality sample. “Normal”
annual median flow is about 29 cfs at this location, but
the summer seasonal flow is much less. The geology of
this watershed is such that almost all rainfall runs off
almost immediately. Very little water infiltrates into
groundwater to be held back as baseflow to the stream.
Like several other Piedmont streams of the Lower
Delaware, this “flashy” condition means that for most of
the summer there is very little water in what appears to
be an over-sized channel. When it rains, the channel
fills quickly but not for a long duration. Unless it rains
frequently, normal flow conditions are not sustained.
Thus in the figure above, only during the relatively wet
summers of 2003, 2009 and 2011 were near-normal
flow conditions represented by these samples.

Upstream ICP: Delaware River at Bulls Island 1554 ICP
Downstream ICP: Delaware River at Lambertville 1487 ICP
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Alkalinity as CaCO3, Total mg/I
Existing Water Quality (Table 2V):

Median 40 mg/I

Lower 95% Confidence Interval 33 mg/I

Upper 95% Confidence Interval 43 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

MonLoc_ShortSite_PreP

ost

Result Measure by
n Rank sum Mean rank

1525 BCP Wickech EWQ 38 67.1 177
1525 BCP Wickech Post 17 150.0 8.82
H statistic 0.85
X? approximation 0.85
DF 1
p-value 7
H0:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. Alkalinity did
not measurably change between the EWQ and post-
EWQ periods. Alkalinity is inversely related to flow in
both data sets. Post-EWQ median alkalinity fell within
EWQ 95% confidence intervals, and the post-EWQ data
were under-represented by dry weather samples. Flow
is plotted on a logarithmic axis.

Delaware River Basin Commission
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Ammonia Nitrogen as N, Total mg/I
Existing Water Quality (Table 2V):

Median <0.05 mg/|
Lower 95% Confidence Interval <0.05 mg/I
Upper 95% Confidence Interval <0.05 mg/I

Kruskal-Wallis test

MonLoc_ShortSite_PreP

ost

Result Measure by,
n Rank sum Mean rank

No water quality degradation is evident. Ammonia
concentrations apparently declined. However,
differences in flow conditions, detection limits,
potential laboratory artifacts and too few post-EWQ
samples introduced uncertainty to conclusions.

1525 BCP Wickech EWQ 30 2167.5 72.25
1525 BCP Wickech Post 17 3825.0 225.00
H statistic 35.01
X? approximation 35.01
DF 1
p-value <0.00011!
HO:0,=6,=6..

The median of the populations are all equal.
H1:6,# 6, for at least one i,j
The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Post-EWQ median ammonia concentration was below
the EWQ lower 95% confidence interval. No
independent data were readily available to validate the
decline. DRBC’s post-EWQ detection limit was lower
than during the EWQ period. EWQ data possessed high
frequencies of non-detect results (23 of 30 samples).
Thus EWQ was established as “less than” 0.05 mg/I,
which was the detection limit at the time. Even with
lower detection levels for post-EWQ samples, there
were still 5 out of 17 non-detect results. The decline in
concentration at least partially is due to adoption of
more sensitive laboratory methods rather than a real
change in ambient Wickecheoke Creek concentrations.

Delaware River Basin Commission
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Chloride, Total mg/I
Existing Water Quality (Table 2V):

Median 17 mg/I

Lower 95% Confidence Interval 15 mg/I

Upper 95% Confidence Interval 18 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n

Rank sum Mean rank

1525 BCP Wickech EWQ

1525 BCP Wickech Post

H statistic
X? approximation
DF

p-value

HO: 6, =6,=6...

30
17

28.14

28.14

1
<0.0001*

1904.0 63.47

3360.1 197.65

The median of the populations are all equal.
H1:6,# 6, for at least one i,j
The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Water quality degradation is evident. Chloride
concentrations increased by 6.8 mg/| (40%) between
the two periods. Post-EWQ median concentration rose

above the EWQ upper 95% confidence interval. Flow is

plotted on a logarithmic scale. With no new discharge

permits issued in the watershed, we suspect that other

sources such as winter road salting may be the main

reason for the increase.

Delaware River Basin Commission
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Dissolved Oxygen (DO) mg/I
Existing Water Quality (Table 2V):

Median 9.45 mg/|
Lower 95% Confidence Interval 8.95 mg/|
Upper 95% Confidence Interval 9.90 mg/I

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

n Rank sum Mean rank

1525 BCP Wickech EWQ 38 8.1 0.21
1525 BCP Wickech Post 15 204 136
H statistic 0.12
X2 approximation 0.12
DF 1
p-value 07296
HO:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, foratleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. No
measurable change took place between the EWQ and
Post-EWQ periods. Post-EWQ median DO
concentration was within the EWQ 95% confidence
intervals. Flow is plotted on a logarithmic scale. DO
concentration is unrelated to flow in both data sets.

Delaware River Basin Commission
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Dissolved Oxygen Saturation %
Existing Water Quality (Table 2V):

Median 101%
Lower 95% Confidence Interval 96%
Upper 95% Confidence Interval 104%

Kruskal-Wallis test

MonlLoc_ShortSite_PreP

ost

Result Measure by
n Rank sum Mean rank

1525 BCP Wickech EWQ 38 116 031
1525 BCP Wickech Post 15 29.4 1.96
H statistic 0.17
X*approximation 0.17
DF 1
p-value 6784
HO:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

Dissolved oxygen saturation is nicely balanced in
Wickecheoke Creek, rarely dipping below 90% or rising
above 120%. There are some algae blooms, as
indicated by the highest saturation levels, but the
blooms never appear to last long. The short duration of

No water quality degradation is evident. Dissolved
Oxygen Saturation is unrelated to flow, and did not
measurably change between the EWQ and post-EWQ
periods. Flow is plotted on a logarithmic scale.

algae blooms is probably due to washout by storms.
Even a small rain event can scour the Wickecheoke
Creek stream bottom of excess algal growth.
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Enterococcus colonies/100 ml
Existing Water Quality (Table 2V):

Median 170/100 ml
Lower 95% Confidence Interval 84/100 ml
Upper 95% Confidence Interval 300/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

1525 BCP Wickech EWQ 35 61.8 177
1525 BCP Wickech Post 17 127.2 7.48
H statistic 0.82
X2 approximation 0.82
DF 1
p-value 3
HO: 6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. Enterococci
did not measurably change between the EWQ and Post-
EWQ periods. Sources of analytical uncertainty
included potential laboratory artifacts, insufficient post-
EWQ sampling (n=17), and poor post-EWQ
representation of the flow regime. Enterococcus
concentrations are very weakly related to flow in both
data sets, but results are highly variable.

Post-EWQ median enterococcus concentrations were
well above the EWQ upper 95% confidence interval, but
variability is so high that the rise is statistically
meaningless.

Delaware River Basin Commission
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Chapter 5: 1525 BCP
Wickecheoke Creek, NJ

Escherichia coli colonies/100 ml
Existing Water Quality (Table 2V):

Median 52/100 ml
Lower 95% Confidence Interval 40/100 ml
Upper 95% Confidence Interval 76/100 ml

Delaware River Basin Commission

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

Rank sum Mean rank

1525 BCP Wickech EWQ|

1525 BCP Wickech Post

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..

30 307.2 10.24

17 542.1 31.89

4.52

4.52

1
0.03341

The median of the populations are all equal.
H1:6,# 6 foratleastone i,
The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Some evidence of water quality degradation is

indicated. E. coli concentrations apparently rose
between the EWQ and Post-EWQ periods. Sources of
analytical uncertainty included potential laboratory
artifacts, insufficient post-EWQ sampling (n=17), and
poor post-EWQ representation of the flow regime. No

independent data were available at this site to validate

DRBC results. The increase is reported as such in the

summary matrix, but confidence in the conclusion is low

because of low N and high variability.
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Fecal coliform colonies/100 ml
Existing Water Quality (Table 2V):

Median 92/100 ml
Lower 95% Confidence Interval 65/100 ml
Upper 95% Confidence Interval 190/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

1525 BCP Wickech EWQ 35 0.7 0.02
1525 BCP Wickech Post 17 15 0.09
H statistic 0.01
X2 approximation 0.01
DF 1
p-value 223
HO: 6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. Fecal
coliform concentrations did not measurably change
between the EWQ and post-EWQ periods. Sources of
analytical uncertainty included potential laboratory
artifacts, insufficient post-EWQ sampling (n=17), and
poor post-EWQ representation of the flow regime.
Fecal coliform concentrations are positively but weakly
related to flow. Post-EWQ median concentrations fell
within the EWQ 95% confidence intervals, but the data
were naturally variable and N was low. Note that
concentrations and flows are plotted on a logarithmic
scale.

Delaware River Basin Commission

Wickecheoke Creek, NJ - Page 10



Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Hardness as CaCO3, Total mg/I
Existing Water Quality (Table 2V):

Median 58 mg/I

Lower 95% Confidence Interval 51 mg/I

Upper 95% Confidence Interval 62 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP

ost n Rank sum Mean rank

1525 BCP Wickech EWQ)| 38 38.0 1.00
1525 BCP Wickech Post 17 84.9 5.00
H statistic 0.48
X2 approximation 0.48
DF 1
p-value 0.4886
HO:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, foratleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. Hardness did
not measurably change between the EWQ and post-
EWQ periods. Sources of analytical uncertainty
included potential laboratory artifacts, insufficient post-
EWQ sampling (n=17), and poor post-EWQ
representation of the flow regime. Hardness is
inversely related to flow. Post-EWQ median hardness
fell within the EWQ 95% confidence intervals. Note that
flows are plotted on a logarithmic scale.

Delaware River Basin Commission

Wickecheoke Creek, NJ - Page 11




Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (Table 2V, as Nitrate only):

Median 1.83 mg/I
Lower 95% Confidence Interval 1.69 mg/|
Upper 95% Confidence Interval 2.20 mg/I

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

n Rank sum Mean rank

1525 BCP Wickech EWQ 33 1254.9 38.03
1525 BCP Wickech Post 17 2436.0 143.29
H statistic 17.37
X2 approximation 17.37
DF 1
p-value <0.00011
HO:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, foratleastone i j
The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Nitrate + Nitrite concentrations are assumed to be

equivalent for comparison with EWQ nitrate

No water quality degradation is indicated. Nitrate concentrations, since EWQ nitrite concentrations were

concentrations apparently declined between the EWQ never detected. Note that flows are plotted on a

and post-EWQ periods. However, differences in flow logarithmic scale. Independent data were not available
for validation of the apparent decline in concentrations

shown by DRBC. Post-EWQ median nitrate + nitrite

conditions and potential laboratory artifacts introduced
uncertainty. In both data sets, nitrate is inversely but

weakly related to flow. On the annual plot, 2002-2003 concentrations fell below the EWQ lower 95%
EWQ nitrates appear to match well with post-EWQ confidence interval. There was no interference by
nitrate + nitrite for 2009. undetected values in either data set.
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Nitrogen as N, Total (TN) mg/|
Existing Water Quality (Table 2V):

Median 2.12 mg/I
Lower 95% Confidence Interval 1.99 mg/|
Upper 95% Confidence Interval 2.65 mg/I

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
n

ost Rank sum Mean rank

1525 BCP Wickech EWQ 30 1748.0 58.27
1525 BCP Wickech Post 17 3084.8 181.46
H statistic 25.71
X*approximation 2571
DF 1
p-value <0.0001!
HO:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, foratleast one i,j

The median of the populations are notall equal.

*Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is indicated. TN
apparently declined between the EWQ and post-EWQ
periods. However, flow differences and potential
laboratory artifacts introduced uncertainty in
conclusions. TN is weakly related to flow in the post-
EWQ period, but unrelated to flow in the EWQ period
due to skewing of the regression by an outlier sample.
Note that flows are plotted on a logarithmic scale.
DRBC results could not be independently validated.
Post-EWQ median TN concentrations fell below the
EWQ lower 95% confidence interval.

Delaware River Basin Commission
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality (Table 2V):

Median 0.44 mg/|
Lower 95% Confidence Interval 0.30 mg/|
Upper 95% Confidence Interval 0.70 mg/I

No water quality degradation is indicated. TKN
concentrations apparently declined between the EWQ
and post-EWQ periods. However, flow differences and
potential laboratory artifacts introduced uncertainty in
conclusions. TKN concentration is unrelated to flow in
both data sets.

Kruskal-Wallis test

MonLoc_ShortSite_PreP

Result Measure by
ost n

Rank sum Mean rank

1525 BCP Wickech EWQ 30 546.1 18.20
1525 BCP Wickech Post 17 963.8 56.69
H statistic 8.03
X2 approximation 8.03
DF 1
p-value 0.00461
HO: 6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, for at least one i,j
The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

TKN ranges less widely and is less variable in the post-
EWQ data set. Post-EWQ median TKN fell below the
EWQ lower 95% confidence interval. Unlike nitrate +
nitrite and other parameters, the TKN data sets are
more directly comparable since there are no
discrepancies in detection limits throughout the two
periods. The main difference was that there were less
dry weather post-EWQ TKN samples. Because of
method stability, the decrease in concentrations may
indicate a real improvement in water quality.

Delaware River Basin Commission
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Orthophosphate as P, Total mg/|
Existing Water Quality (Table 2V):

Median 0.03 mg/I
Lower 95% Confidence Interval 0.03 mg/|
Upper 95% Confidence Interval 0.04 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

No water quality degradation is indicated.
Orthophosphate concentrations apparently declined
between the EWQ and post-EWQ periods. However,
flow differences and potential laboratory artifacts
introduced uncertainty in conclusions.

1525 BCP Wickech EWQ 31 516.2 16.65
1525 BCP Wickech Post 17 9413 5537
H statistic 7.55
X2 approximation 7.55
DF 1
p-value 0.0060*
HO: 6, =6, = ..

The median of the populations are all equal.
H1:6,# 6, for at least one i,j
The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Orthophosphate is weakly related to flow in the EWQ
data set, but unrelated to flow in the post-EWQ data
set. Note that flows are plotted on a logarithmic scale.
Post-EWQ median orthophosphate fell below the EWQ
lower 95% confidence interval. There were no
independent data to confirm DRBC results. DRBC
detection limits improved between the two periods, but
there was no interference in calculation of the median
by non-detect results. Some improvement in water
quality may be evident in that there are no values
above 0.04 mg/| in the post-EWQ data set.

Delaware River Basin Commission
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
pH, units
Existing Water Quality (Table 2V):

Median 7.53 standard units
Lower 95% Confidence Interval 7.40 standard units
Upper 95% Confidence Interval 7.70 standard units

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank

1525 BCP Wickech EWQ)| 38 64.5 1.70
1525 BCP Wickech Post 15 163.4 10.89
H statistic 0.96
X2 approximation 0.96
DF 1
p-value 0.3279
HO: 6, =6, = 6...

The median of the populations are all equal.
H1:6,# 6, foratleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is indicated. pH did not
measurably change between the EWQ and post-EWQ
periods. Under higher flow conditions, pH tends toward
neutral, though pH is unrelated to flow in both data
sets. Post-EWQ median pH fell within the EWQ 95%
confidence intervals. Note that flows are plotted on a
logarithmic scale.

Delaware River Basin Commission
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Phosphorus as P, Total (TP) mg/I
Existing Water Quality (Table 2V):

Median 0.06 mg/I
Lower 95% Confidence Interval 0.05 mg/I
Upper 95% Confidence Interval 0.07 mg/I

Kruskal-Wallis test

MonLoc_ShortSite_PreP

ost

Result Measure by
n Rank sum Mean rank

1525 BCP Wickech EWQ 32 1287.8 40.24
1525 BCP Wickech Post 17 24241 142.59
H statistic 1830
X2 approximation 1830
DF 1
p-value <0.00011
HO:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, foratleastone i j
The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Post-EWQ median total phosphorus fell below the EWQ
lower 95% confidence interval. TP is unrelated to flow
in both data sets. Note that flows are plotted on a

No water quality degradation is indicated. Total logarithmic scale. No independent data were available
Phosphorus (TP) concentrations apparently declined to confirm these results. The compressed appearance
between the EWQ and post-EWQ periods. However, of data on these graphs is caused by a single high outlier
flow differences and potential laboratory artifacts value from a sample taken in September 2003 (0.55
introduced uncertainty in conclusions. mg/1). The cause for the high value is unknown.
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Specific Conductance umho/cm
Existing Water Quality (Table 2V):

Median 183 umho/cm

Lower 95% Confidence Interval 175 umho/cm
Upper 95% Confidence Interval 200 umho/cm
Defined in regulations as a flow-related parameter

Delaware River Basin Commission

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

n Rank sum Mean rank

1525 BCP Wickech EWQ 38 819.8 21.57
1525 BCP Wickech Post 15 2076.8 13845
H statistic 12.15
X*approximation 12.15
DF 1
p-value 0.0005*
HO:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, for at least one i,j
The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Water quality degradation is evident. Specific
conductance rose above the EWQ upper 95%
confidence interval between the EWQ and post-EWQ
periods. In both data sets, specific conductance is
inversely related to flow. Note that flows are plotted on
a logarithmic scale. The rise in specific conductance
may be attributable to the concurrent rise in chloride
concentrations. No new dischargers are present in the
watershed. Specific conductance has risen from a
median of 183 umho/cm to 218 umho/cm, a 19%
increase in a short time span.
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Chapter 5: 1525 BCP
Wickecheoke Creek, NJ

Total Dissolved Solids (TDS) mg/|
Existing Water Quality (Table 2V):

Median 130 mg/I

Lower 95% Confidence Interval 120 mg/I

Upper 95% Confidence Interval 134 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

n Rank sum Mean rank

1525 BCP Wickech EWQ)| 37 2313 6.25
1525 BCP Wickech Post 17 503.3 29.61
H statistic 2.98
X2 approximation 2.98
DF 1
p-value 0.0842
HO: 6, =6, = 6...

The median of the populations are all equal.
H1:6,# 6, foratleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. TDS did not
measurably change between the EWQ and post-EWQ
periods. TDS is inversely and strongly related to flow in
both data sets. Stream flows were different between
the two periods, so flow accounts for some of the
apparent decline in TDS even though the decline was
not statistically significant. Post-EWQ median TDS was
below the EWQ 95% lower confidence interval. Post-
EWQ detection limits were lower than EWQ detection
limits, though there were no non-detect results at any
time. Note that flows are plotted on a logarithmic
scale.

Delaware River Basin Commission
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Total Suspended Solids (TSS) mg/|
Existing Water Quality (Table 2V):

Median 1.0 mg/I

Lower 95% Confidence Interval <0.5 mg/|

Upper 95% Confidence Interval 1.5 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

n Rank sum Mean rank

1525 BCP Wickech EWQ 37 11 0.03
1525 BCP Wickech Post 17 25 0.15
H statistic 0.02
X*approximation 0.02
DF 1
p-value 0.9020
HO:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, for at least one i,j
The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. TSS did not
measurably change between the EWQ and post-EWQ
periods. TSS is positively related to flow in both data
sets, though the relationship is weaker in the EWQ data
because of numerous non-detect results in the data
that were estimated at the detection limit
concentration (22 of 39 samples). Post-EWQ median
TSS was within the EWQ 95% confidence intervals.
Note that both flow and concentration are plotted on a
logarithmic scale.

Delaware River Basin Commission
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Turbidity NTU
Existing Water Quality (Table 2V):

Median 1.2 NTU

Lower 95% Confidence Interval 0.7 NTU

Upper 95% Confidence Interval 2.0 NTU

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP

ost n Rank sum Mean rank

1525 BCP Wickech EWQ| 38 24 0.06
1525 BCP Wickech Post 16 5.6 035
H statistic 0.03
X? approximation 0.03
DF 1
p-value 0.8570
HO0:8,=8,=6..

The median of the populations are all equal.
H1:0,# 6, foratleastone i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significar

No water quality degradation is evident. Turbidity did
not measurably change between the EWQ and post-
EWQ periods. The post-EWQ median turbidity fell
within the EWQ 95% confidence intervals of the
median. In both data sets, the turbidity vs. flow

relationship is positive, though the EWQ relationship is

weak. Note that both concentration and flow are
represented on logarithmic scales.
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Chapter 5: 1525 BCP Wickecheoke Creek, NJ
Water Temperature, degrees C

Not included in DRBC Existing Water Quality rules

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP

ost n Rank sum Mean rank

1525 BCP Wickech EWQ| 38 0.2 0.01
1525 BCP Wickech Post 15 0.6 0.04
H statistic 0.00
X? approximation 0.00
DF 1
p-value 0.9528
HO0:8,=8,=6..

The median of the populations are all equal.
H1:0,# 6, foratleastone i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significar

No water quality degradation is evident. Water
temperature did not measurably change between the
EWQ and post-EWQ periods. Water temperature is not
related to flow in the EWQ data set, but inversely and
weakly related to flow in the post-EWQ data set. There
were less cool temperatures in the post-EWQ data set.
Note that flows are plotted on a logarithmic scale.
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Chapter 6: 1540 BCP Lockatong Creek, Hunterdon County, NJ
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Analysis of flow differences between the EWQ and post-
EWQ periods:

Kruskal-Wallis test

Flow cfs by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1540 BCP Lockatong
EwQ

1540 BCP Lockatong
Post

38 4.8 0.13

16 114 0.71

H statistic 0.07

X? approximation 0.07
DF 1

p-value 0.7981

HO:8,=0,=0..

The median of the populations are all equal.
H1:6,# 6 foratleastone i

The median of the populations are notall equal.
Do not reject the null hypoth 1t the 5% sig

Flow was roughly the same between the EWQ and post-
EWQ periods. Fewer samples were collected in the
post-EWQ period, but the range of flow conditions
sampled was wider. Both data sets contain samples
taken at minimum flow, when only standing pools were
present and much of the channel was dry. Flow is
plotted on a logarithmic scale.

The 23.1 square mile Lockatong Creek watershed is
about 41% forested, with less than 1% urban land cover.
There is no carbonate bedrock in the watershed.
Lockatong Creek is captured by the Delaware and
Raritan Canal and provides public water supply via the
New Jersey Water Supply Authority. Its influence upon
the Delaware River is minimal except during high-flow
conditions.

Annual May to September flow statistics are plotted
above. Flow is plotted on a logarithmic scale. These are
flow measurements or sometimes estimates associated
with the time of each water quality sample. “Normal”
annual median flow is about 47 cfs at this location, but
the summer seasonal flow is around 29 cfs (USGS gage
01460880, 2006-2012 data). Though a wide range of
flows were sampled by DRBC, these data sets appear to
be most representative of low flow conditions. EWQ
samples were taken when there was no USGS gage on
the Lockatong Creek, and flows were estimated based
upon a DRBC rating curve built at the same location
where the USGS gage now resides. When available,
USGS continuous flow records were used to match flow
with DRBC water quality samples in the post-EWQ
period of 2009-2011.

Upstream ICP: Delaware River at Bulls Island
Downstream ICP: Delaware River at Lambertville

Delaware River Basin Commission
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Alkalinity as CaCO3, Total mg/I
Existing Water Quality (Table 2U):

Median 43 mg/I

Lower 95% Confidence Interval 35 mg/I

Upper 95% Confidence Interval 46 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1540 BCP Lockatong

38 304 0.80
EwQ
1540 BCP Lockatong 17 68.0 4.00
Post
H statistic 038
X2 approximation 038
DF 1

p-value 0.5356

HO: 8 = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, forat least one i j

The median of the populations are notall equal.
Do not reject the null hypothesis at the &

No water quality degradation is evident. Alkalinity did
not measurably change between the EWQ and post-
EWQ periods. Alkalinity is inversely related to flow in
both data sets. Post-EWQ median alkalinity fell within
EWQ 95% confidence intervals. Flow is plotted on a
logarithmic axis.

Delaware River Basin Commission
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Ammonia Nitrogen as N, Total mg/|
Existing Water Quality (Table 2U):

Median <0.05 mg/|
Lower 95% Confidence Interval <0.05 mg/I
Upper 95% Confidence Interval <0.05 mg/|

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1540 BCP Lockatong 30 19200 64.00
EwQ
1540 BCP Lockatong 16 3600.0 225.00
Post
H statistic 34.42
X?approximation 34.42
DF 1
p-value <0.0001

HO: 8, = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

No independent data were readily available to validate
results. EWQ data possessed 25/30 undetected results,
interfering with calculation of the median. Thus EWQ
was established as <0.05 mg/|; the detection limit at the

No water quality degradation is evident. Ammonia time. At lower detection limits there were still 5
concentrations apparently declined between the two undetected results in post-EWQ data. We are now able
periods. However, differences in detection limits, to measure ambient Lockatong Creek concentrations
potential laboratory artifacts, and too few post-EWQ (median 0.011 mg/l), which are certainly less than 0.05
samples introduced uncertainty in conclusions. Post- mg/l. Some improvement possibly took place, as the
EWQ median ammonia concentration was below the post-EWQ data contained no concentrations higher
EWQ lower 95% confidence interval. than 0.004 mg/I.
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Chloride, Total mg/I
Existing Water Quality (Table 2U):

Median 13 mg/I

Lower 95% Confidence Interval 11 mg/I

Upper 95% Confidence Interval 14 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1540 BCP Lockatong 30 1642.8 54.76
EwQ
1540 BCP Lockatong 17 2899.1 170.53
Post
H statistic 24.27
X?approximation 24.27
DF 1
p-value <0.0001

HO: 8, = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

Water quality degradation is evident. Chloride
concentrations apparently increased between the two
periods. However, analytical uncertainty included
potential laboratory artifacts and insufficient post-EWQ
sampling (n=17). Post-EWQ median concentration rose
above the EWQ upper 95% confidence interval. EWQ
chloride was inversely related to flow, but post-EWQ
chloride was not flow-related, probably due to
insufficient post-EWQ sampling.

Delaware River Basin Commission
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Dissolved Oxygen (DO) mg/I
Existing Water Quality (Table 2U):

Median 8.70 mg/I
Lower 95% Confidence Interval 8.30 mg/|
Upper 95% Confidence Interval 9.10 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

No water quality degradation is evident. No
measurable change took place between the EWQ and
Post-EWQ periods. Post-EWQ median DO
concentration fell below the EWQ lower 95%
confidence interval, but there were too few post-EWQ
samples for a significant comparison.

1540 BCP Lockatong
EwQ
1540 BCP Lockatong
Post

38 136.4 3.59

15 3456 23.04

H statistic 2.02

X? approximation 2.02
DF 1

p-value ).1550

HO:8,=0,=0..

The median of the populations are all equal.
H1:6,# 6 foratleastone i

The median of the populations are notall equal.
Do not reject the null hypoth 1t the 5% sig

Sampling time of day may have slightly biased the post-
EWQ data; average sample time was 10:00 AM for post-
EWQ samples compared with 11:00 AM for EWQ
samples. DO concentrations typically increase during
the day; an hour in time difference can be meaningful.
Flow is plotted on a logarithmic scale. DO is unrelated
to flow in both data sets. There are extreme low DO
values in both data sets. Those measurements were
taken from standing pools during dry conditions in 2002
and 2010 when there was no observable flow in
Lockatong Creek. The pools were full of decomposing
leaves that drove DO concentrations below 5 mg/I.

Delaware River Basin Commission

Lockatong Creek, NJ - Page 6



Chapter 6: 1540 BCP Lockatong Creek, NJ
Dissolved Oxygen Saturation %
Existing Water Quality (Table 2U):

Median 94%
Lower 95% Confidence Interval 90%
Upper 95% Confidence Interval 96%

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

No water quality degradation is evident. Dissolved
Oxygen Saturation is unrelated to flow, and did not
measurably change between the EWQ and post-EWQ
periods. The apparent post-EWQ flow relationship is
skewed by a single low outlier value.

1540 BCP Lockatong
EwQ
1540 BCP Lockatong
Post

38 136.4 3.59

15 3456 23.04

H statistic 2.02

X? approximation 2.02
DF 1

p-value 0.1551

HO:8,=0,=0..

The median of the populations are all equal.
H1:6,# 6 foratleastone i

The median of the populations are notall equal.
Do not reject the null hypoth at the 5

Post-EWQ median DO saturation fell below the EWQ
lower 95% confidence interval, but not significantly.
Dissolved oxygen saturation is slightly imbalanced in
Lockatong Creek, tending between 80% and 110%. One
algae bloom was detected in 2001 as indicated by the
highest saturation level near 130%. There is some
oxygen demand that suppresses DO saturation but it
rarely drops below 80% except for on two occasions
when the stream dried up and left standing pools in
2002 and 2010. Decomposing leaves and organic
matter in the pools suppressed concentrations below 5
mg/| and saturation levels near or below 50%.

Delaware River Basin Commission
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Enterococcus colonies/100 ml
Existing Water Quality (Table 2U):

Median 260/100 ml
Lower 95% Confidence Interval 98/100 ml
Upper 95% Confidence Interval 480/100 ml

No water quality degradation is indicated. Enterococci
did not measurably change between the EWQ and Post-
EWQ periods. Enterococcus concentrations are
unrelated related to flow in both data sets. Note that
concentrations and flows are plotted on a logarithmic
scale.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1540 BCP Lockatong

35 165.0 4.72
EwQ
1540 BCP Lockatong 17 339.8 19.99
Post
H statistic 2.20
X?approximation 2.20

DF 1
p-value 0.1381

HO: 8, = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypothesis at the &

Sources of analytical uncertainty included potential
laboratory artifacts and insufficient post-EWQ sampling
(n=17). Post-EWQ median enterococcus concentrations
were above the EWQ upper 95% confidence interval,
but variability is so high and post-EWQ N so low that the
rise is meaningless.

Delaware River Basin Commission

Lockatong Creek, NJ - Page 8



Chapter 6: 1540 BCP Lockatong Creek, NJ
Escherichia coli colonies/100 ml
Existing Water Quality (Table 2U):

Median 33/100 ml

Lower 95% Confidence Interval 20/100 ml

Upper 95% Confidence Interval 50/100 ml

Defined in regulations as a flow-related parameter

Water quality degradation is evident. E. coli
concentrations apparently rose between the EWQ and
Post-EWQ periods. Post-EWQ median E. coli rose above
the EWQ upper 95% confidence interval.

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

Rank sum Mean rank

1540 BCP Lockatong
EwQ
1540 BCP Lockatong
Post

H statistic

X2 approximation
DF

p-value

HO: 0, =

6,=6..

30

17

6.66

6.66
1

0.0099*

452.4 15.08

798.4 46.96

The median of the populations are all equal.
H1:6;# 6 foratleastone i,
The median of the populations are not all equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

Analytical uncertainty included potential laboratory

artifacts and insufficient post-EWQ sampling (n=17). No

independent data were available at this site to validate

DRBC’s conclusion. The increase is reported as such in

the summary matrix, but confidence in the conclusion is

low because of low N and high variability.

Delaware River Basin Commission
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Fecal coliform colonies/100 ml
Existing Water Quality (Table 2U):

Median 32/100 ml

Lower 95% Confidence Interval 20/100 ml

Upper 95% Confidence Interval 76/100 ml

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

Rank sum Mean rank

1540 BCP Lockatong
EwQ
1540 BCP Lockatong
Post

H statistic

X2 approximation
DF

p-value

HO: 8, = 8, = 6.

35

17

0.55
0.55

1
0.4581

413 1.18

84.9 5.00

The median of the populations are all equal.

H1:6;# 6 foratleastone i,
The median of the populations are notall equal.

Do not reject th

at the 5

No water quality degradation is evident. Fecal coliform

concentrations did not measurably change between the
EWQ and post-EWQ periods. Fecal coliform
concentrations are positively related to flow in both
data sets, but weakly so in the post-EWQ data. Post-
EWQ median concentrations fell within the EWQ 95%
confidence intervals, but the data were naturally
variable and post-EWQ N was low. Note that
concentrations and flows are plotted on a logarithmic

scale.
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Hardness as CaCO3, Total mg/I
Existing Water Quality (Table 2U):

Median 60 mg/I
Lower 95% Confidence Interval 56 mg/I
Upper 95% Confidence Interval 63 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n

Rank sum Mean rank

1540 BCP Lockatong
EwQ
1540 BCP Lockatong
Post

H statistic 0.02
X2 approximation 0.02
DF 1
p-value 0.8985
HO: ;= 6, = 6.

13 0.03

29 0.17

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

Do not reject the null hypothe

s at the &

We found no evidence of water quality degradation.

Hardness did not measurably change between the EWQ

and post-EWQ periods. Hardness is inversely related to
flow in the post-EWQ data, but unrelated to flow in the
EWQ data. Post-EWQ median hardness fell within the
EWQ 95% confidence intervals. Note that flows are

plotted on a logarithmic scale.
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (Table 2U, as Nitrate only):

Median 1.13 mg/I
Lower 95% Confidence Interval 0.92 mg/|
Upper 95% Confidence Interval 1.40 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

No water quality degradation is evident. Nitrate
concentrations apparently declined between the EWQ
and post-EWQ periods. However, potential laboratory
artifacts and too few post-EWQ samples introduced
uncertainty in conclusions.

1540 BCP Lockatong

35 475.5 13.58
EwQ
1540 BCP Lockatong 17 9789 5758
Post
H statistic 6.34
X*approximation 6.34

DF 1
p-value 00118

HO: 8, = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

In both data sets, nitrate is unrelated to flow. On the
annual plot, 2002-2003 EWQ nitrates appear to match
well with post-EWQ nitrate + nitrite for 2009-2011.
Post-EWQ Nitrate + Nitrite concentrations are assumed
equivalent with EWQ nitrate concentrations, since ENQ
nitrite concentrations were never detected.
Independent data were not available for validation of
results. Post-EWQ median nitrate + nitrite
concentrations fell to the EWQ lower 95% confidence
interval. Water quality may have improved, as there
were no non-detect results to cloud a statistical
comparison.
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Nitrogen as N, Total (TN) mg/|
Existing Water Quality (Table 2U):

Median 1.56 mg/I
Lower 95% Confidence Interval 1.26 mg/|
Upper 95% Confidence Interval 1.81 mg/I

No water quality degradation is evident. Total Nitrogen
concentrations apparently declined between the EWQ
and post-EWQ periods. However, potential laboratory
artifacts and too few post-EWQ samples introduced
uncertainty in conclusions.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1540 BCP Lockatong 30 4720 1573
EWQ
1540 BCP Lockatong 17 8330 49.00
Post
H statistic 6.94
X2 approximation 6.94
DF 1
p-value 0.0084*

HO: 8 = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

TN is strongly related to flow in the post-EWQ period,
but weakly related to flow in the EWQ period due to
skewing of the regression by some outlier samples.
Note that flows are plotted on a logarithmic scale.
DRBC results could not be independently validated.
Post-EWQ median TN concentrations fell just below the
EWQ lower 95% confidence interval.

Delaware River Basin Commission
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality (Table 2U):

Median 0.39 mg/I
Lower 95% Confidence Interval 0.23 mg/|
Upper 95% Confidence Interval 0.58 mg/I

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank

1540 BCP Lockatong

30 67.5 2.25
EwQ
1540 BCP Lockatong 17 1191 Jo1
Post
H statistic 0.99
X? approximation 0.99

DF 1
p-value 0.3188

HO: 8, = 6, = 6.

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth 1t the 5% sig

TKN ranges less widely and is less variable in the post-
EWQ data set. Post-EWQ median TKN fell to just above

No water quality degradation is evident. TKN the EWQ lower 95% confidence interval. There are no
concentrations apparently declined between the two discrepancies in detection limits between the two data
periods. However, potential laboratory artifacts and sets. Although results may indicate a water quality
too few post-EWQ samples introduced uncertainty in improvement, there still could be differences
conclusions. TKN concentration is related to flow in attributable to separate laboratories, which is

both data sets, though weakly so in the EWQ data unaccounted because no split sampling was conducted
because of some high values that skew the regression. upon laboratory changes.
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Orthophosphate as P, Total mg/I (OP)
Existing Water Quality (Table 2U):

Median 0.03 mg/I
Lower 95% Confidence Interval 0.02 mg/|
Upper 95% Confidence Interval 0.04 mg/I

No water quality degradation is evident. OP apparently
did not change between the two periods. Analytical
uncertainty included potential laboratory artifacts,
insufficient post-EWQ sampling (n=17), and detection
limit differences. Orthophosphate is weakly related to
flow in EWQ data, but unrelated to flow in post-EWQ
data.

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank

1540 BCP Lockatong
EwQ
1540 BCP Lockatong
Post

31 2358 7.61

17 430.0 25.29

H statistic 3.46
X2 approximation 3.46
DF 1
p-value ).063

HO: 8, = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth 1t the 5% sign

Post-EWQ median orthophosphate was within the EWQ
95% confidence intervals. There were no independent
data to confirm DRBC results. DRBC detection limits
improved between the two periods, but there were
only three non-detect results in EWQ data and there
were no non-detect results in post-EWQ data. Thus
there was no interference in estimation of the median
in either data set. Some improvement in water quality
may be evident in that there are no values above 0.05
mg/l in the post-EWQ data set, but there was
insufficient post-EWQ data (n=17) to conclusively
document such an improvement.
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Chapter 6: 1540 BCP Lockatong Creek, NJ
pH, units
Existing Water Quality (Table 2U):

Median 7.30 standard units
Lower 95% Confidence Interval 7.20 standard units
Upper 95% Confidence Interval 7.50 standard units

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1540 BCP Lockatong

38 55.7 147
EWQ
1540 BCP Lockatong 15 1411 9.40
Post
H statistic 0.83
X? approximation 0.83
DF 1

p-value 0.3634

HO:8,=0,=0..

The median of the populations are all equal.

H1:6,# 6 foratleastone i

The median of the populations are notall equal.
Do not reject the null hypoth 1t the 5

No water quality degradation is evident. pH did not
measurably change between the EWQ and post-EWQ
periods. pH is unrelated to flow in both data sets. Post-
EWQ median pH was within the EWQ 95% confidence
intervals. Note that flows are plotted on a logarithmic
scale.
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Phosphorus as P, Total (TP) mg/I
Existing Water Quality (Table 2U):

Median 0.05 mg/I
Lower 95% Confidence Interval 0.05 mg/|
Upper 95% Confidence Interval 0.06 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1540 BCP Lockatong 31 926.8 29.90
EWQ
1540 BCP Lockatong 17 1690.0 99.41
Post
H statistic 13.43
X2 approximation 13.43
DF 1
p-value 0.0002*

HO: 8 = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Post-EWQ median total phosphorus fell below the EWQ
lower 95% confidence interval. TP is positively related
to flow in both data sets, though TP was not designated
as such in DRBC water quality regulations. The EWQ

No water quality degradation is evident. Total flow relationship is skewed by two high outlier values
Phosphorus (TP) concentrations apparently declined from samples taken in July and September 2003. Note
between the EWQ and post-EWQ periods. However, that flows are plotted on a logarithmic scale. No
potential laboratory artifacts and too few post-EWQ independent data were available to confirm these
samples introduced uncertainty in conclusions. results.
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Specific Conductance umho/cm
Existing Water Quality (Table 2U):

Median 180 umho/cm

Lower 95% Confidence Interval 165 umho/cm
Upper 95% Confidence Interval 191 umho/cm
Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

Rank sum Mean rank

Water quality degradation is evident. Specific
conductance rose above the EWQ upper 95%
confidence interval between the EWQ and post-EWQ
periods. In both data sets, specific conductance is
inversely related to flow.

1540 BCP Lockatong
EwQ
1540 BCP Lockatong
Post

H statistic

X2 approximation
DF

p-value

HO: 8, = 8, = 6.

38

15

7.59

7.59
1

0.0059*

512.1 13.48

1297.4 86.49

The median of the populations are all equal.
H1:6;# 6 foratleastone i,
The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

Note that flow is plotted on a logarithmic scale. The rise
in specific conductance may be attributable to the

concurrent rise in chloride concentrations. No new

dischargers are present in the watershed. Median
specific conductance rose from 180 to 202 pmho/cm, a

12% increase.
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Total Dissolved Solids (TDS) mg/|
Existing Water Quality (Table 2U):

Median 140 mg/I

Lower 95% Confidence Interval 130 mg/|

Upper 95% Confidence Interval 142 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

No water quality degradation is evident. TDS
apparently declined between the EWQ and post-EWQ
periods. However, potential laboratory artifacts and
too few post-EWQ samples introduced uncertainty in
conclusions.

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank
1540 BCP Lockatong 37 11976 3237
EwQ
1540 BCP Lockatong 17 26065 15332
Post
H statistic 15.44
X2 approximation 15.44
DF 1
p-value <0.00011

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

TDS is inversely and strongly related to flow in the EWQ
data set, but unrelated to flow in the post-EWQ data
set. Post-EWQ TDS varied very little because both high
and low flow conditions were not well-represented —
there were too few post-EWQ samples taken to cover
the flow regime (n=17). Post-EWQ median TDS was
well below the EWQ 95% lower confidence interval.
Detection limit differences did not influence the data,
and there were no non-detect results at any time. Note
that flows are plotted on a logarithmic scale.
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Total Suspended Solids (TSS) mg/|
Existing Water Quality (Table 2U):

Median 1.0 mg/I

Lower 95% Confidence Interval 0.5 mg/I

Upper 95% Confidence Interval 2.0 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

Rank sum Mean rank

1540 BCP Lockatong
EwQ
1540 BCP Lockatong
Post

H statistic

X2 approximation
DF

p-value

HO: 8, = 8, = 6.

0

217
217
1

1405

166.5 4.50

362.5 21.32

The median of the populations are all equal.
H1:6;# 6 foratleastone i,
The median of the populations are notall equal.

Do not reject th

at the 5

No water quality degradation is evident. TSS did not
measurably change between the EWQ and post-EWQ
periods. TSS is positively related to flow in both data
sets. Post-EWQ median TSS was within the EWQ 95%
confidence intervals. Note that both flow and
concentration are plotted on a logarithmic scale.
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Turbidity NTU
Existing Water Quality (Table 2U):

Median 1.2 NTU

Lower 95% Confidence Interval 0.8 NTU

Upper 95% Confidence Interval 3.0 NTU

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

Rank sum Mean rank

1540 BCP Lockatong
EwQ
1540 BCP Lockatong
Post

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.

2.85
2.85
1

0.0916

208.4 5.49

495.1 30.94

The median of the populations are all equal.
H1:6;# 6 foratleastone i,
The median of the populations are not all equal.

Do not reject th

at the 5

No water quality degradation is evident. Turbidity did
not measurably change between the EWQ and post-
EWQ periods. The post-EWQ median turbidity fell
within the EWQ 95% confidence intervals of the
median. In both data sets, the turbidity vs. flow
relationship is positive. Note that both concentration
and flow is represented on logarithmic scales in all

charts.
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Chapter 6: 1540 BCP Lockatong Creek, NJ
Water Temperature, degrees C

Not included in DRBC Existing Water Quality rules

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1540 BCP Lockatong
EwQ
1540 BCP Lockatong
Post

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.

0.08
0.08
1

Rank sum Mean rank
52 0.14
131 0.87

The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.

Do not rejec

s at the & gnificance leve

No water quality degradation is evident. Water
temperature did not measurably change between the
EWQ and post-EWQ periods. Water temperature is
inversely but weakly related to flow in both data sets.
Note that flows are plotted on a logarithmic scale.
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Chapter 7: 1554 ICP Delaware River at Bulls Island Foot Bridge, NJ/PA
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Analysis of flow differences between the EWQ and post-
EWQ monitoring periods:

Flow was not different between the two periods at this
location, though EWQ flow was normally distributed
and well-represented for the May to September period
and post-EWQ flow was less representative of above-
normal conditions due to too few post-EWQ water
quality samples.

Kruskal-Wallis test

Flow cfs by
Monloc_ShortSite_PreP
ost

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

n Rank sum Mean rank
49 0.1 0.00
15 0.4 0.03

0.00
0.00

H statistic
X2 approximation
DF

pvalue

HO: 6,=6,=6..

The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

Annual flow statistics are plotted above. These are May
to September flow measurements associated with the
time of each water quality sample. Flow is estimated at
this location using drainage area weighting based on the
USGS continuous stream gage at Trenton, NJ. “Normal”
flow is about 10,000 cfs at this location on the Delaware
River.

Upstream ICP: Delaware River at Milford 1677 ICP
Downstream ICP: Del. River at Lambertville 1487 ICP

Tributary BCP Watersheds in Upstream Reach:

Paunnacussing Creek, PA — 1556 BCP

Tohickon Creek, PA— 1570 BCP

Tinicum Creek, PA — 1616 BCP

Nishisakawick Creek, NJ — 1641 BCP

Hakihokake Creek, NJ — 1672 BCP (new; EWQ def. in
progress.)

All other tributaries to the upstream reach are less than
20 square miles drainage area, are not expected to have
significant influence upon Delaware River water quality,
and possess no wastewater discharges.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Alkalinity as CaCO3, Total mg/I
Existing Water Quality (Table 2T):

Median 45 mg/I

Lower 95% Confidence Interval 38 mg/I

Upper 95% Confidence Interval 51 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

n Rank sum Mean rank
49 0.2 0.01
16 0.8 0.05

0.00
0.00

H statistic

X? approximation
DF

p-value

HO:8,=6,=6...

The median of the populations are all equal.
H1:8,#6 foratleastone i,j

The median of the populations are not all equal.

Do not reject the null hypothesis at the 5% significar

No water quality degradation is indicated. Alkalinity did
not measurably change between the EWQ and post-
EWQ periods. Alkalinity is inversely related to flow.
Post-EWQ median alkalinity fell within the EWQ 95%
confidence intervals. The overall distributions were
closely matched.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Ammonia Nitrogen as N, Total mg/I
Existing Water Quality (Table 2T):

Median <0.05 mg/|
Lower 95% Confidence Interval <0.05 mg/I
Upper 95% Confidence Interval <0.05 mg/|

No water quality degradation is indicated. Ammonia
concentrations apparently declined significantly.
However, detection level differences and potential
laboratory artifacts introduced uncertainty to
conclusions.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

n Rank sum Mean rank
39 18485 47.40
15 4806.2 32041

29.16

29.16

1
<0.0001*

H statistic
X2 approximation
DF

pvalue

HO: 6, =6, = ..
The median of the populations are all equal.
H1:6,# 6, foratleast one i,j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No independent data were available to validate results.
The post-EWQ detection limit (0.004-0.006 mg/l) was
much lower than during the EWQ period (0.05 mg/I
2002-2003; 0.02 mg/l in 2004). EWQ data included
27/39 undetected results, interfering with calculation of
the median. Under 2009-2011 lower detection levels
there was one undetected result. Thus the result found
by DRBC may not be a real change in ambient river
concentrations, but simply that we now have defined
the real concentrations below the EWQ 0.05 mg/l. No
post-EWQ results were above 0.026 mg/|, where 18%
(7/39) of EWQ results were above 0.05 mg/I. This
implies a water quality improvement.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Chloride, Total mg/I
Existing Water Quality (Table 2T):

Median 17 mg/I

Lower 95% Confidence Interval 15 mg/I

Upper 95% Confidence Interval 20 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

n Rank sum Mean rank

39 592.4 15.19
16 1444.0 90.25

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

7.95

7.95

1
0.0048*

H statistic

X2 approximation
DF

p-value

HO: 6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Evidence indicates water quality degradation. Chloride
concentrations increased by about 3.6 mg/l (21%)
between the two periods. Too few post-EWQ samples
introduced some uncertainty in the conclusion, yet the
difference still was significant. Post-EWQ median
concentration was above the EWQ upper 95%
confidence interval. Both sets are strongly related to
flow. This is the furthest downstream Delaware River
location where the increase in chloride concentrations
was significant and above the upper Existing Water
Quality target. Of course, more frequent sampling at
Trenton, Washington Crossing and Lambertville might
have produced a measurable difference downstream of
this location, where smaller increases were measured.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Dissolved Oxygen (DO) mg/I
Existing Water Quality (Table 2T):

Median 8.80 mg/I
Lower 95% Confidence Interval 8.40 mg/|
Upper 95% Confidence Interval 9.30 mg/I

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP

ost n Rank sum Mean rank

49 124.2 253
15 405.6 27.04

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

153
153

1
0.2163

H statistic

X2 approximation
DF

p-value

HO: 6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. No
measurable DO change took place between the EWQ
and Post-EWQ periods. Post-EWQ dissolved oxygen
concentrations fell below the EWQ lower 95%
confidence interval, but overall the data distributions
were not significantly different. There were too few
measurements taken in the post-EWQ period. Bi-
weekly instead of monthly sampling is recommended to
improve statistical comparisons. DO concentration was
unrelated to flow in both data sets.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Dissolved Oxygen Saturation %
Existing Water Quality (Table 2T):

Median 98%
Lower 95% Confidence Interval 95%
Upper 95% Confidence Interval 100%

Delaware River Basin Commission

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

Rank sum Mean rank

49
15

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

H statistic 1.39
X2 approximation
DF

p-value

HO: 8,=6,=6..

1133 231
370.0 2467

The median of the populations are all equal.

H1:6,# 6 foratleastone i,

The median of the populations are not all equal.
Do not reject the null hypothesi 5%

No water quality degradation is evident. Dissolved
Oxygen Saturation did not measurably change between
the EWQ and post-EWQ periods. Post-EWQ median DO
saturation was within the EWQ 95% confidence
intervals. Dissolved Oxygen Saturation is unrelated to

flow.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Enterococcus colonies/100 ml
Existing Water Quality (Table 2T):

Median 49/100 ml
Lower 95% Confidence Interval 32/100 ml
Upper 95% Confidence Interval 100/100 ml

Delaware River Basin Commission

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

n Rank sum Mean rank
44 300.6 6.83
16 826.6 51.66

3.70
3.70

H statistic

X2 approximation
DF

p-value

0.054

No water quality degradation is evident. Enterococci
did not measurably change between the EWQ and Post-
EWQ periods, though the median for the post-EWQ
period was higher than the upper 95% confidence
interval established in the rules. There were too few
measurements taken in the post-EWQ period. Bi-
weekly instead of monthly sampling is recommended to
improve statistical comparisons. Enterococcus
concentrations are unrelated to flow in both data sets.
Note that concentrations and flows are plotted on a

logarithmic scale.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Escherichia coli colonies/100 ml
Existing Water Quality (Table 2T):

Median 40/100 ml
Lower 95% Confidence Interval 23/100 ml
Upper 95% Confidence Interval 80/100 ml

Slight evidence of water quality degradation is evident.
E. coli concentrations did not measurably change
between the EWQ and Post-EWQ periods, though post-
EWQ median E. coli fell above the EWQ upper 95%
confidence interval.

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

n Rank sum Mean rank
39 210.0 5.38
16 511.9 31.99

2.82
2.82

H statistic

X2 approximation
DF

p-value

0.0934

HO: 6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

E. coli results are extremely variable, as are the other
bacteria parameters, especially since too few samples
were taken in the post-EWQ period (n=16). E. coli
concentrations are weakly related to flow in both data
sets. Note that concentrations and flow are plotted on
a logarithmic scale. No independent data from other
agencies were available at this site to validate DRBC's
conclusion.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Fecal coliform colonies/100 ml
Existing Water Quality (Table 2T):

Median 71/100 ml

Lower 95% Confidence Interval 36/100 ml

Upper 95% Confidence Interval 90/100 ml

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

44 36 0.08
16 9.8 0.61

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

0.04
0.04

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. Fecal coliform
concentrations did not measurably change between the
EWQ and post-EWQ periods. EWQ fecal coliform
concentrations are positively but weakly related to flow,
but post-EWQ data are unrelated to flow, probably
because of too few post-EWQ samples (n=16). Post-
EWQ median concentrations fell within the EWQ 95%
confidence intervals. Note that both concentrations
and flows are presented on a logarithmic scale.
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Chapter 7: 1554 ICP

Delaware River at Bulls Island Foot Bridge, NJ/PA
Hardness as CaCO3, Total mg/I
Existing Water Quality (Table 2T):

Median 68 mg/I

Lower 95% Confidence Interval 60 mg/I

Upper 95% Confidence Interval 72 mg/|

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

n Rank sum Mean rank
49 209 0.43
16 64.0 4.00

0.24
0.24

1
0.6258

H statistic

X? approximation
DF

p-value

HO: 8, =6, =6..

The median of the populations are all equal.
H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

No water quality degradation is indicated. Hardness did
not measurably change between the EWQ and post-
EWQ periods. Hardness is inversely related to flow.
Post-EWQ median hardness fell within the EWQ 95%
confidence intervals.

Delaware River Basin Commission Delaware River at Bulls Island - Page 11



Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (Table 2T as Nitrate):

Median 1.00 mg/I
Lower 95% Confidence Interval 0.88 mg/|
Upper 95% Confidence Interval 1.23 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

n Rank sum Mean rank
45 672.8 14.95
16 1892.3 118.27

8.14

8.14

1
0.0043*

H statistic
X2 approximation
DF

pvalue

HO: 6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

The data may be affected by laboratory artifacts that
produce uncertainty in conclusions. Nitrate + Nitrite
concentrations are assumed equivalent for comparison

with EWQ nitrate concentrations, since EWQ_ nitrite

. L . concentrations were never detected. Note that flow is

No water quality degradation is indicated. Nitrate i .
. i plotted on a logarithmic scale. Independent data were
concentrations apparently declined between the EWQ . L .
. ] not available for validation of the apparent decline.
and post-EWQ periods. On the annual plot there is a . . .
o ] . o . Post-EWQ median concentrations fell just below the
declining trend in concentration within the EWQ period

that appears to stabilize in the post-EWQ period. 2002-
2004 EWQ nitrates appear to match well with post-
EWQ nitrate + nitrite.

EWQ lower 95% confidence interval. There were no
undetected results in either data set.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Nitrogen as N, Total (TN) mg/I
Existing Water Quality (Table 2T):

Median 1.48 mg/I
Lower 95% Confidence Interval 1.26 mg/|
Upper 95% Confidence Interval 1.59 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

n Rank sum Mean rank
39 935.4 2398
16 2280.1 142.50

12.53

12.53

1
0.0004*

H statistic
X2 approximation
DF

pvalue

HO: 6, =6, = ..
The median of the populations are all equal.
H1:6,# 6, foratleast one i,j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

TN is unrelated to flow in the EWQ period, but strongly
related to flow in the post-EWQ period. The flow
relationship may be false because of insufficient post-
EWQ samples (n=16) which were not fully

representative of flow conditions in the post-EWQ
period. The EWQ data overall are far more variable
than the post-EWQ data. DRBC results could not be
independently validated. Post-EWQ median TN
concentrations fell below the EWQ lower 95%

No water quality degradation is evident. Total Nitrogen
concentrations apparently declined between the EWQ
and post-EWQ periods. However, potential laboratory

artifacts produced uncertainty in conclusions.
confidence interval.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality (Table 2T):

Median 0.32 mg/I
Lower 95% Confidence Interval 0.27 mg/|
Upper 95% Confidence Interval 0.55 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

No water quality degradation is evident. No
measurable change occurred in TKN concentrations
between the EWQ and post-EWQ periods. TKN

concentration is unrelated to flow in both data sets.

Post-EWQ TKN was far less variable than EWQ TKN.

39 226.6 5.81
16 552.3 3452

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

3.04

3.04

1
0.08141

H statistic

X2 approximation
DF

p-value

HO:8, =6, =6...

The median of the populations are all equal.
H1:8,#6 foratleastone i,j

The median of the populations are not all equal.

Do not reject the null hypothesis at the 5% significar

Post-EWQ median TKN fell within the EWQ 95%
confidence intervals. Though there was no statistical
difference between EWQ and post-EWQ TKN,
concentrations fell and were much more stable. This
may be a laboratory artifact rather than a real trend.
However, unlike nitrate + nitrite and other parameters,
the TKN data sets should be directly comparable since
there are no discrepancies in detection limits. The main
differences were that post-EWQ TKN samples were less
numerous and not as fully representative of flow
conditions.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Orthophosphate as P, Total mg/l (OP)
Existing Water Quality (Table 2T):

Median 0.04 mg/I
Lower 95% Confidence Interval 0.04 mg/|
Upper 95% Confidence Interval 0.06 mg/I

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP

n Rank sum Mean rank
42 427.5 10.18
16 1122.3 70.14

ost
1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

5.48

5.48

1
0.0192*

H statistic

X2 approximation
DF

p-value

HO: 6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, forat least one i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Post-EWQ median orthophosphate fell below the EWQ
lower 95% confidence interval, though the interval was
established around the detection limit. OP is unrelated
to flow in EWQ data, but weakly related to flow in post-
EWQ data. Flow is plotted on logarithmic scale. There

were no independent data to confirm DRBC results.

DRBC detection limits improved between the two

No water quality degradation is evident. periods, but this had no bearing on the results since

Orthophosphate concentrations apparently declined there was only one non-detect result in the EWQ data

between the EWQ and post-EWQ periods. However, set and none in the post-EWQ data set. There may be a

potential laboratory artifacts and differences in flow water quality improvement, as there are no post-EWQ

condition representativeness introduced uncertainty to concentrations higher than 0.05 mg/I.

conclusions.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

pH, units
Existing Water Quality (Table 2T):

Median 7.60 standard units
Lower 95% Confidence Interval 7.50 standard units
Upper 95% Confidence Interval 7.74 standard units

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

n Rank sum Mean rank
49 0.1 0.00
15 0.4 0.03

0.00
0.00

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..

The median of the populations are all equal.

H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. pH did not
measurably change between the EWQ and post-EWQ
periods. Post-EWQ median pH fell between the EWQ
95% confidence intervals. Under higher flow
conditions, pH tends toward neutral. During low flow
and high primary productivity periods, pH criteria are

occasionally exceeded at this location. Flow is plotted

on a logarithmic scale.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Phosphorus as P, Total (TP) mg/I
Existing Water Quality (Table 2T):

Median 0.10 mg/I
Lower 95% Confidence Interval 0.07 mg/|
Upper 95% Confidence Interval 0.12 mg/I

No water quality degradation is indicated. Total
Phosphorus (TP) concentrations apparently declined
between the EWQ and post-EWQ periods. However,
potential laboratory artifacts and insufficient post-EWQ
data (n=16) produced uncertainty to conclusions.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

40 2073.6 51.84
16 5184.0 324.00

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

27.38

27.38

1
<0.00011

H statistic

X2 approximation
DF

p-value

HO:0,=6,=6..

The median of the populations are all equal.
H1:6,# 6, foratleastone i j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Post-EWQ median TP fell below the EWQ lower 95%
confidence interval. TP is unrelated to flow in the EWQ
data set, and weakly related to flow in the post-EWQ
data set. The decline in concentration may be partially
attributable to improved laboratory detection limits or
method sensitivity, although all results were well above
the detection limits. No independent data were
available to confirm these results.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Specific Conductance umho/cm
Existing Water Quality (Table 2T):

Median 186 umho/cm

Lower 95% Confidence Interval 170 umho/cm
Upper 95% Confidence Interval 202 umho/cm
Defined in regulations as a flow-related parameter

Delaware River Basin Commission

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

n Rank sum Mean rank
49 163.5 334
15 534.0 35.60

2.01
2.01

H statistic

X2 approximation
DF

p-value

HO:8, =6, =6...

The median of the populations are all equal.
H1:8,#6 foratleastone i,j

The median of the populations are not all equal.

Do not reject the null hypothesis at the 5% significar

Slight evidence indicates water quality degradation.
Specific conductance did not measurably change
between the EWQ and post-EWQ periods. However,
there were too few post-EWQ data (n=15) for reliable
statistical comparison. In both data sets, specific
conductance is strongly and inversely related to flow.
Post-EWQ median specific conductance rose above the
EWQ upper 95% confidence interval, but the overall
distribution was not significantly different. Flow is
plotted on a logarithmic scale.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Total Dissolved Solids (TDS) mg/|
Existing Water Quality (Table 2T):

Median 140 mg/I

Lower 95% Confidence Interval 130 mg/I

Upper 95% Confidence Interval 160 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

n Rank sum Mean rank
46 913.6 19.86
16 2626.6 164.16

10.92

10.92

1
0.0010*

H statistic
X2 approximation
DF

pvalue

HO: 6, =6, = ..
The median of the populations are all equal.
H1:6,# 6, foratleast one i,j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident. TDS
measurably declined between the EWQ and post-EWQ
periods. However, potential laboratory artifacts and
insufficient post-EWQ data produced uncertainty in
conclusions. TDS is inversely related to flow in the EWQ
data set, but unrelated to flow in the post-EWQ data set
— probably due to insufficient sampling not fully
representative of flow conditions. Post-EWQ median
TDS was well below the EWQ 95% lower confidence
interval. Post-EWQ detection limits were lower than
EWQ detection limits, though there were no non-detect
results in either data set. Flow is plotted on a
logarithmic scale.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Total Suspended Solids (TSS) mg/|
Existing Water Quality (Table 2T):

Median 5.0 mg/I

Lower 95% Confidence Interval 4.0 mg/I

Upper 95% Confidence Interval 7.0 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

46 119.0 2.59
16 3423 2139

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

142
142

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..

The median of the populations are all equal.

H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. TSS did not
measurably change between the EWQ and post-EWQ
periods. TSS is positively related to flow in both data
sets. Post-EWQ median TSS was within the EWQ 95%
confidence intervals. Flow and concentrations are
plotted on a logarithmic scale, and the regressions are
power equations.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Turbidity NTU
Existing Water Quality (Table 2T):

Median 3.8 NTU
Lower 95% Confidence Interval 2.2 NTU
Upper 95% Confidence Interval 6.0 NTU

Delaware River Basin Commission

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1554 ICP DRBulls EWQ
1554 ICP DRBulls Post

n Rank sum Mean rank
49 145.7 297
15 476.0 31.73

1.79

1.79

1
0.1804*1

H statistic

X? approximation
DF

p-value

HO: 8,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for at least one i,j
The median of the populations are notall equal.
Do not reject the null hypothesis at the 5% significance level.

No water quality degradation is evident. Turbidity did
not measurably change between the EWQ and post-
EWQ periods. All post-EWQ turbidity results were
below 9 NTU. The post-EWQ median turbidity was
within the EWQ 95% confidence intervals. In the EWQ
data set, the turbidity vs. flow relationship is weakly
positive, and strongly positive in the post-EWQ data set.
Both concentration and flow are represented on a
logarithmic scale.
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Chapter 7: 1554 ICP
Delaware River at Bulls Island Foot Bridge, NJ/PA

Water Temperature, degrees C

Not included in DRBC Existing Water Quality rules

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank
1554 ICP DRBulls EWQ 49 06 0.01
1554 ICP DRBulls Post 15 20 0.13
H statistic 0.01
X? approximation 0.01
DF 1
p-value 0.93051
HO:8,=8,=6...

The median of the populations are all equal.
H1:6,# 6 foratleastone i,
The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance I¢

No water quality degradation is evident. Water
temperature did not measurably change between the
EWQ and post-EWQ periods. Water temperature is
inversely related to flow, though the relationship is
weak. The distributions were almost identical.

Delaware River Basin Commission
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Chapter 8: 1556 BCP Paunacussing Creek, Bucks County, PA
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Analysis of flow differences between the EWQ and post-
EWQ periods:

Flow was roughly the same between the EWQ and post-
EWQ periods. Fewer samples were collected in the
post-EWQ period, and the range of flow conditions
sampled was narrower. Flow is plotted on a logarithmic
scale.

Kruskal-Wallis test

Flow cfs by
Monloc_ShortSite_PreP

ost
1556 BCP Paunna EWQ
1556 BCP Paunna Post

n Rank sum Mean rank
37 1343 3.63
17 2924 17.20

173
173

1
0.1889

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..

The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance le

The 7.9 square mile Paunacussing Creek watershed was
included within the Wild and Scenic designation of the
Lower Delaware. The watershed is about 50% forested,
and less than 1% urban land cover. There is no
carbonate bedrock in the watershed, so water quality
should be similar to other Piedmont streams.

Upstream ICP: Delaware River at Milford 1677 ICP
Downstream ICP: Del. River at Bulls Island 1554 ICP

Delaware River Basin Commission

Annual May to September flow statistics are plotted
above. Flow is plotted on a logarithmic scale. These are
flow measurements or sometimes estimates associated
with the time of each water quality sample. “Normal”
annual median flow is about 7.1 cfs at this location, but
the summer seasonal flow is around 5 cfs. Though a
wide range of flows were sampled by DRBC, these data
sets appear to be most representative of low flow
conditions. EWQ samples (2000-2003) were taken using
a DRBC gage and rating curve established for
Paunacussing Creek, but the rating was too difficult to
maintain because of channel instability and bridge
reconstruction. 2009-2011 flows corresponding to each
water quality sample were estimated using the USGS
BaSE program (Stuckey, M.H., Koerkle, E.H., and Ulrich,
J.E., 2012, Estimation of baseline daily mean
streamflows for ungaged locations on Pennsylvania
streams, water years 1960-2008: U.S. Geological Survey
Scientific Investigations Report 2012-5142, 61 p.).
DRBC benchmarked water surface elevation
measurements are still used to check BaSE estimates.

Paunnacussing Creek, PA - Page 2



Chapter 8: 1556 BCP Paunacussing Creek, PA
Alkalinity as CaCO3, Total mg/I
Existing Water Quality (Table 2S):

Median 47 mg/I

Lower 95% Confidence Interval 42 mg/I

Upper 95% Confidence Interval 55 mg/|

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

37 0.4 0.01
18 0.9 0.05

1556 BCP Paunna EWQ
1556 BCP Paunna Post

0.01
0.01

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance

No water quality degradation is evident. Alkalinity did
not measurably change between the EWQ and post-
EWQ periods. Alkalinity is inversely related to flow in
both data sets. Post-EWQ median alkalinity fell within
EWQ 95% confidence intervals. Flow is plotted on a
logarithmic scale.

Delaware River Basin Commission
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Chapter 8: 1556 BCP Paunacussing Creek, PA
Ammonia Nitrogen as N, Total mg/I
Existing Water Quality (Table 2S):

Median <0.05 mg/|
Lower 95% Confidence Interval <0.05 mg/I
Upper 95% Confidence Interval <0.05 mg/|

No water quality degradation is evident. Ammonia
concentrations apparently declined. However,
detection limit differences, potential laboratory
artifacts, and insufficient post-EWQ sampling (n=17)
introduced uncertainty to conclusions.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost
1556 BCP Paunna EWQ
1556 BCP Paunna Post

n Rank sum Mean rank
30 2167.5 72.25
17 3825.0 225.00

3553

35.53

1
<0.00011

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..

The median of the populations are all equal.
H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alterative hypothesis at the 5% significance level

Post-EWQ median concentration was below the EWQ
lower 95% confidence interval. No independent data
were available to validate the decline. DRBC’s post-EWQ
detection limit was lower than during the EWQ period.
EWQ data set possessed many non-detect results (24 of
30 samples). Thus EWQ was established as “less than”
0.05 mg/I, the detection limit at the time. From 2009-
2011 there were 4/17 non-detect results at detection
limits of 0.004-0.006 mg/Il. Now we can see what the
real concentrations are, well-below 0.05 mg/l. Post-
EWQ concentrations measured no higher than 0.014
mg/|, suggesting water quality improvement.

Delaware River Basin Commission
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Chapter 8: 1556 BCP Paunacussing Creek, PA
Chloride, Total mg/I
Existing Water Quality (Table 2S):

Median 24 mg/I

Lower 95% Confidence Interval 23 mg/I

Upper 95% Confidence Interval 25 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1556 BCP Paunna EWQ
1556 BCP Paunna Post

n Rank sum Mean rank
30 1672.5 55.75
18 2787.6 154.86

22.88

22.88

1
<0.0001*

H statistic
X2 approximation
DF

p-value

HO:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Chloride concentrations are weakly and inversely
related to flow. We can only speculate at the reason for
increasing chloride concentrations. There are no new

discharge permits in the watershed. While these

concentrations are far better than water quality criteria
Water quality degradation is evident. Chloride . . .
levels, such a large increase in so short a time deserves
further investigation in this designated Wild and Scenic

watershed.

concentrations increased by 5 mg/l between the two
periods. Post-EWQ median concentration rose above
the EWQ upper 95% confidence interval.

Delaware River Basin Commission Paunnacussing Creek, PA - Page 5



Chapter 8: 1556 BCP Paunacussing Creek, PA
Dissolved Oxygen (DO) mg/I
Existing Water Quality (Table 2S):

Median 9.42 mg/|
Lower 95% Confidence Interval 8.90 mg/I
Upper 95% Confidence Interval 9.81 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

37 0.7 0.02
15 17 0.11

1556 BCP Paunna EWQ
1556 BCP Paunna Post

0.01
0.01

1
0.9195

H statistic

X2 approximation
DF

p-value

HO:8, =6, =6...
The median of the populations are all equal.

H1:8,# 6, foratleastone i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance

No water quality degradation is indicated. No
measurable change took place between the EWQ and
Post-EWQ periods. Post-EWQ median DO
concentration fell within the EWQ 95% confidence
intervals. Flow is plotted on a logarithmic scale. DO
concentration is unrelated to flow in both data sets.
There was an extreme low DO value in the EWQ data
set. That measurement was taken from a standing pool
during dry conditions in July 2000 when flow in
Paunacussing Creek was 0.2 cfs. The pool was full of
decomposing organic matter that drove DO
concentration to 5.7 mg/I.

Delaware River Basin Commission
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Chapter 8: 1556 BCP Paunacussing Creek, PA
Dissolved Oxygen Saturation %
Existing Water Quality (Table 2S):

Median 98%
Lower 95% Confidence Interval 96%
Upper 95% Confidence Interval 101%

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

No water quality degradation is indicated. DO
Saturation is unrelated to flow, and did not measurably
change between the EWQ and post-EWQ periods. Post-
EWQ median DO saturation rose to the EWQ upper 95%
confidence interval, but not significantly. Flow is
plotted on a logarithmic scale.

37 95.7 2.59
15 236.0 15.73

1556 BCP Paunna EWQ
1556 BCP Paunna Post

H statistic 1.44
X2 approximation
DF

pvalue

HO:6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

Some riparian trees were removed during bridge
reconstruction between the EWQ and post-EWQ
periods. This may account for the slight increase in DO
saturation. Upon tree removal more light strikes the
stream and promotes algal production. During mid-day
hours the plants produce oxygen super-saturation
conditions, thus the observed median value of 104%.

There was an extreme low DO saturation value in the
EWQ data set. That measurement was taken from a
standing pool during dry conditions in July 2000 when
flow in Paunacussing Creek was estimated at 0.2 cfs.
The pool contained decomposing organic matter that
drove DO to 5.7 mg/l, and DO saturation to 65%.

Delaware River Basin Commission
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Chapter 8: 1556 BCP Paunacussing Creek, PA
Enterococcus colonies/100 ml
Existing Water Quality (Table 2S):

Median 320/100 ml
Lower 95% Confidence Interval 160/100 ml
Upper 95% Confidence Interval 520/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

35 35 0.10
18 6.7 037

1556 BCP Paunna EWQ
1556 BCP Paunna Post

0.04
0.04

H statistic
X2 approximation
DF

p-value 0.8363

HO:6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. Enterococci
did not measurably change between the EWQ and Post-
EWQ periods. Enterococcus concentrations are
unrelated to flow in both data sets. Note that
concentrations and flows are plotted on a logarithmic
scale. Post-EWQ median enterococcus concentrations
were within the EWQ 95% confidence intervals.

Delaware River Basin Commission
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Chapter 8: 1556 BCP Paunacussing Creek, PA
Escherichia coli colonies/100 ml
Existing Water Quality (Table 2S):

Median 28/100 ml

Lower 95% Confidence Interval 15/100 ml

Upper 95% Confidence Interval 84/100 ml

Defined in regulations as a flow-related parameter

No water quality degradation is evident. E. coli
concentrations did not measurably change between the
EWQ and Post-EWQ periods. Post-EWQ median E. coli
fell within the EWQ 95% confidence intervals.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

n Rank sum Mean rank
30 200.2 6.67
18 3337 18.54

ost
1556 BCP Paunna EWQ
1556 BCP Paunna Post

273
273

1
0.0987

H statistic

X? approximation
DF

p-value

H0:6,=6,=6..
The median of the populations are all equal.

H1:6,% 6, foratleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

E. coli concentrations were positively related to flow in
the EWQ data set, but unrelated to flow in the post-
EWQ data set — possibly due to too few post-EWQ
samples (n=18). No independent data from other
agencies were available at this site to validate DRBC's
conclusion.

Delaware River Basin Commission
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Chapter 8: 1556 BCP Paunacussing Creek, PA
Fecal coliform colonies/100 ml
Existing Water Quality (Table 2S):

Median 80/100 ml

Lower 95% Confidence Interval 60/100 ml

Upper 95% Confidence Interval 130/100 ml
Defined in regulations as a flow-related parameter
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s e | ;
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& ] 1
' 1
1 I
10 e —4=
1
1556 BCP Paunna EWQ 1556 BCP Paunna Post

Monloc_ShortSite_PrePost

N 53
Result Measure by
MonLoc_ShortSite_PreP Inter-quartile
ost Minimum 1st Quartile Median 3rd Quartile Maximum range
1556 BCP Paunna EWQ 10 34 80 203 2200 169
1556 BCP Paunna Post. 9 40 58 154 6000 115

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank
1556 BCP Paunna EWQ 35 20.1 0.57
1556 BCP Paunna Post 18 39.0 217
H statistic 0.25
X2 approximation 0.25
DF 1
p-value 0.6185
HO:8,=86,=6..

The median of the populations are all equal.
H1:8,# 6, foratleastone i,j
The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance lev

No water quality degradation is evident. Fecal coliform
concentrations did not measurably change between the
EWQ and post-EWQ periods. Fecal coliform
concentrations are positively related to flow in the EWQ
data set, but not in the post-EWQ data set - because of
too few post-EWQ samples (n=18).

Post-EWQ median concentrations fell just below the
EWQ lower 95% confidence interval, but the data were
naturally variable and post-EWQ N was low so no real
change could be measured. Note that concentrations
and flows are plotted on a logarithmic scale.

Delaware River Basin Commission
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Chapter 8: 1556 BCP Paunacussing Creek, PA

Hardness as CaCO3, Total mg/I
Existing Water Quality (Table 2S):

Median 80 mg/I

Lower 95% Confidence Interval 75 mg/I

Upper 95% Confidence Interval 85 mg/|

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1556 BCP Paunna EWQ
1556 BCP Paunna Post

n Rank sum Mean rank
37 107.3 2.90
18 220.5 12.25

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. Hardness did
not measurably change between the EWQ and post-
EWQ periods. Hardness is inversely related to flow in
both data sets. Post-EWQ median hardness fell within
the EWQ 95% confidence intervals. Note that flows are
plotted on a logarithmic scale.

Delaware River Basin Commission Paunnacussing Creek, PA - Page 11



Chapter 8: 1556 BCP Paunacussing Creek, PA
Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (Table 2S, as Nitrate only):

Median 2.58 mg/I
Lower 95% Confidence Interval 2.15 mg/|
Upper 95% Confidence Interval 2.75 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost
1556 BCP Paunna EWQ
1556 BCP Paunna Post

n Rank sum Mean rank
35 845.3 2415
18 1643.6 9131

10.44

10.44

1
0.0012*

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alterative hypothesis at the 5% significance level

Nitrate is unrelated related to flow in the EWQ data set,
but positively related to flow in the post-EWQ data set.
Post-EWQ nitrate + nitrite concentrations were

assumed equivalent for comparison with EWQ nitrate

concentrations since EWQ_ nitrite concentrations were

No water quality degradation is evident. Nitrate never detected. Flow is plotted on a logarithmic scale.
concentrations apparently declined between the EWQ Independent data were not available for validation of
and post-EWQ periods. However, analytical uncertainty results. Post-EWQ median nitrate + nitrite

sources included potential laboratory artifacts, concentrations fell below the EWQ lower 95%
insufficient post-EWQ sampling (n=18), and under- confidence interval.

representation of post-EWQ flow conditions.

Delaware River Basin Commission Paunnacussing Creek, PA - Page 12



Chapter 8: 1556 BCP Paunacussing Creek, PA
Nitrogen as N, Total (TN) mg/|
Existing Water Quality (Table 2S):

Median 2.96 mg/I
Lower 95% Confidence Interval 2.83 mg/|
Upper 95% Confidence Interval 3.15 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

30 1555.2 51.84
18 2592.0 144.00

1556 BCP Paunna EWQ
1556 BCP Paunna Post

21.16

21.16

1
<0.0001*

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident. Total Nitrogen
concentrations declined between the EWQ and post-
EWQ periods. However, potential laboratory artifacts
introduce uncertainty into conclusions. TN is positively
related to flow in both data sets. TN should have been
designated as a flow-related parameter for this site in
Table 2S of DRBC water quality regulations. Note that
flows are plotted on a logarithmic scale. DRBC results
could not be independently validated. Post-EWQ
median TN concentrations fell well below the EWQ
lower 95% confidence interval.

Delaware River Basin Commission
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Chapter 8: 1556 BCP Paunacussing Creek, PA
Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality (Table 2S):

Median 0.30 mg/I
Lower 95% Confidence Interval 0.17 mg/|
Upper 95% Confidence Interval 0.36 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

n Rank sum Mean rank
30 36.3 121
18 60.5 336

ost
1556 BCP Paunna EWQ
1556 BCP Paunna Post

0.49
0.49

1
0.4818

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..

The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance le

No water quality degradation is evident. TKN
concentrations did not measurably change between the
EWQ and post-EWQ periods. Potential laboratory
artifacts introduce some uncertainty into stronger
conclusions. TKN concentration is unrelated to flow in
both data sets. TKN ranges less widely and is less
variable in the post-EWQ data set. Note that flows are
plotted on a logarithmic scale. Post-EWQ median TKN
fell to just above the EWQ lower 95% confidence
interval, though the decline was statistically
insignificant due to insufficient post-EWQ data (n=18).

Delaware River Basin Commission
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Chapter 8: 1556 BCP Paunacussing Creek, PA
Orthophosphate as P, Total mg/|
Existing Water Quality (Table 2S):

Median 0.05 mg/I
Lower 95% Confidence Interval 0.04 mg/|
Upper 95% Confidence Interval 0.05 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

30 533 1.78
18 88.9 494

1556 BCP Paunna EWQ
1556 BCP Paunna Post

0.74
0.74

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance le

No water quality degradation is evident.
Orthophosphate concentrations did not change
between the EWQ and post-EWQ periods. Potential
laboratory artifacts and insufficient post-EWQ sampling
frequency produced uncertainty in conclusions.
Orthophosphate is unrelated to flow in both data sets.
Note that flows are plotted on a logarithmic scale. Post-
EWQ median orthophosphate was within EWQ 95%
confidence intervals. There were no independent data
to confirm DRBC results.

Delaware River Basin Commission
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Chapter 8: 1556 BCP Paunacussing Creek, PA
pH, units
Existing Water Quality (Table 2S):

Median 7.60 standard units
Lower 95% Confidence Interval 7.47 standard units
Upper 95% Confidence Interval 7.72 standard units

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

Slight evidence is shown of water quality degradation,
though pH did not measurably change between the
EWQ and post-EWQ periods. pH is unrelated to flow in
the EWQ data set, and weakly related to flow in the
post-EWQ data set, tending toward neutral during
higher flow conditions.

37 46.5 1.26
15 114.8 7.65

1556 BCP Paunna EWQ
1556 BCP Paunna Post

0.70
0.70

1
0.4014

H statistic

X2 approximation
DF

p-value

HO:8, =6, =6...

The median of the populations are all equal.

H1:8,# 6, foratleastone i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance le

Post-EWQ median pH was just above the EWQ upper
95% confidence interval, but the increase was not
significant due to insufficient post-EWQ data (n=15). pH
ranged more widely in the post-EWQ data set, where
minimum and maximum values occurred in the dry
2010 season. The wide range displayed in 2010
indicates higher algal productivity and less scouring
away of the algae by storms. Without regular scouring
events, the algal biomass can build up to problematic
levels. In the post-EWQ data, increased algal activity is
also associated with removal of riparian trees for bridge
reconstruction, which increased sunlight to the stream.

Delaware River Basin Commission
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Chapter 8: 1556 BCP Paunacussing Creek, PA
Phosphorus as P, Total (TP) mg/I
Existing Water Quality (Table 2S):

Median 0.07 mg/I
Lower 95% Confidence Interval 0.06 mg/|
Upper 95% Confidence Interval 0.08 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1556 BCP Paunna EWQ
1556 BCP Paunna Post

n Rank sum Mean rank
34 644.2 18.95
18 1216.9 67.60

8.15

8.15

1
0.0043*

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident. Total
Phosphorus (TP) concentrations declined between the
EWQ and post-EWQ periods. However, potential
laboratory artifacts and insufficient post-EWQ sampling
frequency produced uncertainty in conclusions. Post-
EWQ median total phosphorus fell below the EWQ
lower 95% confidence interval. TP is unrelated to flow
in both data sets. Note that flows are plotted on a
logarithmic scale. No independent data were available
to confirm these results.

Delaware River Basin Commission
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Chapter 8: 1556 BCP Paunacussing Creek, PA
Specific Conductance umho/cm
Existing Water Quality (Table 2S):

Median 229 umho/cm

Lower 95% Confidence Interval 218 umho/cm
Upper 95% Confidence Interval 242 umho/cm
Defined in regulations as a flow-related parameter

Water quality degradation is evident. Specific
conductance rose above the EWQ upper 95%
confidence interval between the EWQ and post-EWQ
periods. Specific conductance is inversely related to
flow in the post-EWQ data set. Note that flows are
plotted on a logarithmic scale.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost
1556 BCP Paunna EWQ
1556 BCP Paunna Post

n Rank sum Mean rank
37 636.8 17.21
15 1570.8 104.72

9.62

9.62

1
0.0019*

H statistic

X? approximation
DF

p-value

H0:6,=6,=6..

The median of the populations are all equal.
H1:6,% 6, foratleastone i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Specific conductance was defined as a flow-related
parameter in the EWQ data set (DRBC water quality
regulations Table 2S), even though the relationship was
very weak at this site. The rise in specific conductance
may be attributable to the concurrent rise in chloride
concentrations. No new dischargers are present in the
watershed. We speculate that winter application of
road salt may have contributed to the increase. Median
specific conductance has risen from 229 to 273
umhos/cm, a 19% increase.

Delaware River Basin Commission
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Chapter 8: 1556 BCP Paunacussing Creek, PA
Total Dissolved Solids (TDS) mg/|
Existing Water Quality (Table 2S):

Median 130 mg/I

Lower 95% Confidence Interval 120 mg/I

Upper 95% Confidence Interval 144 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

1556 BCP Paunna EWQ
1556 BCP Paunna Post

H statistic
X2 approximation

37
18

0.25
0.25

212
43.6

0.57
242

DF
p-value

1
0.6148

HO:6,=6,=6..

The median of the populations are all equal.

H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. TDS did not
measurably change between the EWQ and post-EWQ
periods. Potential laboratory artifacts produced
uncertainty in comparisons. TDS is inversely and
strongly related to flow in both data sets. Post-EWQ
median TDS was above the EWQ upper 95% lower
confidence interval, but the increase was not
statistically significant. Post-EWQ detection limits were
lower than EWQ detection limits, though there were no
non-detect results at any time. Note that flows are
plotted on a logarithmic scale.

Delaware River Basin Commission
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Chapter 8: 1556 BCP Paunacussing Creek, PA
Total Suspended Solids (TSS) mg/|
Existing Water Quality (Table 2S):

Median 1.0 mg/I
Lower 95% Confidence Interval 1.0 mg/I
Upper 95% Confidence Interval 2.0 mg/I

No water quality degradation is evident. TSS did not
measurably change between the EWQ and post-EWQ
periods. TSS is unrelated to flow in both data sets.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n

Rank sum Mean rank

37
18

1556 BCP Paunna EWQ
1556 BCP Paunna Post

2.52
2.52

1
0.1121

H statistic

X? approximation
DF

p-value

H0:6,=6,=6..

209.3 5.66
430.2 23.90

The median of the populations are all equal.

H1:6,% 6, foratleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

Post-EWQ median TSS was above the EWQ upper 95%
confidence interval, but the increase was statistically

insignificant.

Note: in DRBC water quality regulations Table 2S, the

published median and confidence intervals are

incorrect, and should read:

Median 2.0 mg/| (not 1.0 mg/l)
Lower 95% confidence interval 1.0 mg/|

Upper 95% confidence interval 2.0 mg/|
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Chapter 8: 1556 BCP Paunacussing Creek, PA
Turbidity NTU
Existing Water Quality (Table 2S):

Median 0.8 NTU
Lower 95% Confidence Interval 0.5 NTU
Upper 95% Confidence Interval 1.6 NTU

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost
1556 BCP Paunna EWQ
1556 BCP Paunna Post

n Rank sum Mean rank
37 9.3 0.25
17 20.1 1.18

0.12
0.12

H statistic
X? approximation
DF

p-value 07276

H0:6,=6,=6..

The median of the populations are all equal.

H1:6,% 6, foratleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident. Turbidity did
not measurably change between the EWQ and post-
EWQ periods. The post-EWQ median turbidity fell
within the EWQ 95% confidence intervals of the
median. Turbidity is related to flow in the post-EWQ
data set, but unrelated to flow in the EWQ data set.
There were insufficient post-EWQ data to fully
represent Paunacussing Creek’s flow regime (n=17).
Note that concentration and flow is represented on
logarithmic scale.
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Chapter 8: 1556 BCP Paunacussing Creek, PA
Water Temperature, degrees C

Not included in DRBC Existing Water Quality rules

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

37 523 141
15 129.1 8.60

1556 BCP Paunna EWQ
1556 BCP Paunna Post

0.79
0.79
1

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance l¢

No water quality degradation is evident. Water
temperature did not measurably change between the
EWQ and post-EWQ periods. Water temperature is
related to flow in both data sets, though weakly related
in the EWQ data set. There were less cool
temperatures and less temperature measurements
overall in the post-EWQ data set (n=15). Some
temperature increase may be attributed to riparian tree
removal discussed previously. Note that flows are
plotted on a logarithmic scale.
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Chapter 9: 1570 BCP Tohickon Creek, Bucks County, PA

Delaware River Basin Commission Tohickon Creek, PA - Page 1



Analysis of flow differences between the EWQ and post-
EWQ periods:

Flow was roughly the same between the EWQ and post-
EWQ periods. Fewer samples were collected in the
post-EWQ period, and the range of flow conditions
sampled was narrower. Flow is plotted on a logarithmic
scale.

Kruskal-Wallis test

Flow cfs by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1570 BCP Tohickon
EwQ

47 67.9 145

1570 BCP Tohickon Post 15 212.8 14.19

H statistic 0.86

X2 approximation 0.86
DF 1

p-value 03530

HO: 8, = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth atthe ¢

The 114 square mile Tohickon Creek watershed is one
of the larger tributaries to the Delaware River within
the narrow, confined river valley below the Lehigh River
confluence. It was included in the Lower Delaware Wild
and Scenic designation for its spectacular scenery, good
water quality, and recreational value. The Tohickon
watershed is about 57% forested, and about 4.4% urban
land cover. There is no underlying carbonate bedrock,
but water quality is influenced by Lake Nockamixon that
controls flow and acts as a pollutant sink for much of
the urban influences within the watershed.

Annual May to September flow statistics associated
with water quality measurements are plotted above.
Flow is plotted on a logarithmic scale. These are flow
measurements or sometimes estimates associated with
the time of each water quality sample. “Normal”
annual median flow for the years that Lake Nockamixon
has controlled the flow (1973-Present) is about 173 cfs
at this location, but the May-September summer
seasonal flow is around 107 cfs. Though a wide range of
flows were sampled by DRBC, these data sets appear to
be most representative of low to low-normal flow
conditions. Flows corresponding to each water quality
sample were estimated using flow records for the time
of each sample taken from continuous data at the USGS
stream gage at Pipersville, PA (USGS 01459500) times a
drainage area weighting factor.

Upstream ICP: Delaware River at Milford 1677 ICP
Downstream ICP: Del. River at Bulls Island 1554 ICP
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Chapter 9: 1570 BCP Tohickon Creek, PA
Alkalinity as CaCO3, Total mg/I
Existing Water Quality (Table 2R):

Median 46 mg/I

Lower 95% Confidence Interval 40 mg/I

Upper 95% Confidence Interval 49 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Rank sum Mean rank

Result Measure by
Monloc_ShortSite_PreP
ost n
1570 BCP Tohickon 47
EwQ
1570 BCP Tohickon Post 16
H statistic 232
X2 approximation 2.32
DF 1
p-value 0.127.
H0: 8, =6, =6..

198.1 4.22

582.0 36.38

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

t

Do not reject the null hypothesis at the ¢

No water quality degradation is evident. Alkalinity did
not measurably change between the EWQ and post-
EWQ periods. Alkalinity is inversely related to flow in
both data sets. Post-EWQ median alkalinity fell within
EWQ 95% confidence intervals. Flow is plotted on a

logarithmic scale.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Ammonia Nitrogen as N, Total mg/I
Existing Water Quality (Table 2R):

Median <0.05 mg/|
Lower 95% Confidence Interval <0.05 mg/I
Upper 95% Confidence Interval <0.05 mg/|

Kruskal-Wallis test

No water quality degradation is evident. Ammonia
concentrations apparently declined. However,
differences in detection limits, potential laboratory
artifacts, and insufficient post-EWQ sampling frequency
contributed uncertainty to conclusions. Post-EWQ
median ammonia concentration was below the EWQ
lower 95% confidence interval.

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank
1570 BCP Tohickon 20 16512 41.28
EwQ
1570 BCP Tohickon Post 15 4403.3 293.55
H statistic 25.75
X? approximation 25.75
DF 1
p-value <0.0001*

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

No independent data were available to validate the
decline. Post-EWQ detection limits were lower than
EWQ limits. EWQ data contain numerous non-detect
results (25/40 samples) that interfered with estimation
of the median. Thus EWQ was established as <0.05
mg/|, the detection limit at the time. In the 2009-2011
period there was 1/15 non-detect result. So we now
know what the concentrations really are. Possible
evidence for water quality improvement is indicated by
post-EWQ concentrations no greater than 0.065 mg/I.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Chloride, Total mg/I
Existing Water Quality (Table 2R):

Median 27 mg/I

Lower 95% Confidence Interval 25 mg/I

Upper 95% Confidence Interval 29 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

Rank sum Mean rank

1570 BCP Tohickon
EwQ

1570 BCP Tohickon Post

H statistic

X2 approximation
DF

p-value

HO: 8, = 8, = 6.

40

16

12.79

12.79
1

0.0003*

970.2 24.26

24256 151.60

The median of the populations are all equal.
H1:6;# 6 foratleastone i,
The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

Water quality degradation is evident. Chloride

concentrations increased by 7 mg/l between the two

periods. Post-EWQ median concentration rose above

the EWQ upper 95% confidence interval. The entire

northern U.S. has experienced rising chlorides in fresh

waters. Although chloride concentrations in Tohickon

Creek remain far better than water quality criteria

levels, such an increase over such a short time is

problematic given that this is a designated Wild and

Scenic watershed.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Dissolved Oxygen (DO) mg/I
Existing Water Quality (Table 2R):

Median 9.06 mg/I
Lower 95% Confidence Interval 8.60 mg/|
Upper 95% Confidence Interval 9.20 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1570 BCP Tohickon

47 28 0.06
EwQ
1570 BCP Tohickon Post 15 8.8 0.59
H statistic 0.04
X2 approximation 0.04

DF 1
p-value 0.8500

HO:8,=0,=0..

The median of the populations are all equal.
H1:6,# 6 foratleastone i

The median of the populations are notall equal.
Do not reject the null hypoth 1t the 5

No water quality degradation is evident. No
measurable change took place between the EWQ and
Post-EWQ periods. Post-EWQ median DO
concentration fell within the EWQ 95% confidence
intervals. Flow is plotted on a logarithmic scale. DO
concentration is unrelated to flow in both data sets.
There was an extreme low DO value in the EWQ data
set. That measurement was taken during dry conditions
in July 2000 when flow in Tohickon Creek was 3 cfs.
There was insufficient flow to wash away decomposing
organic matter that drove DO concentration to 5.3 mg/I.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Dissolved Oxygen Saturation %
Existing Water Quality (Table 2R):

Median 100%
Lower 95% Confidence Interval 98%
Upper 95% Confidence Interval 103%

No water quality degradation is evident. Dissolved
Oxygen Saturation is unrelated to flow, and did not
measurably change between the EWQ and post-EWQ
periods. Post-EWQ median DO saturation was within
the EWQ 95% confidence intervals. Flow is plotted on a
logarithmic scale.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

Rank sum Mean rank

1570 BCP Tohickon
EwQ

1570 BCP Tohickon Post

H statistic

X2 approximation
DF

p-value

HO: 8, = 8, = 6.

47

0.02
0.02

19 0.04

6.0 0.40

The median of the populations are all equal.
H1:6;# 6 foratleastone i,
The median of the populations are notall equal.

Do not reject th

Jt the 5

Tohickon Creek is wide and shallow, without full
shading by riparian vegetation in many locations. This

promotes increased algal production. During mid-day

hours the algae and aquatic plants produce oxygen
super-saturation conditions, with frequently observed

saturation values over 120%. There was an extreme
low DO saturation value in EWQ data. That was taken
during dry conditions in July 2000 when flow was an

estimated 3 cfs. The flow was probably insufficient to

wash out decomposing organic matter that drove DO

concentration to 5.7 mg/l, and DO saturation to 68%.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Enterococcus colonies/100 ml
Existing Water Quality (Table 2R):

Median 540/100 ml
Lower 95% Confidence Interval 250/100 ml
Upper 95% Confidence Interval 980/100 ml

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank

1570 BCP Tohickon

45 03 0.01
EwQ
1570 BCP Tohickon Post 16 0.8 0.05
H statistic 0.00
X? approximation 0.00
DF 1

p-value 0.9542

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.
Do not reject the null hypoth 1t the 5% significan

No water quality degradation is evident. Enterococci
did not measurably change between the EWQ and Post-
EWQ periods. Enterococcus concentrations are
unrelated to flow in both data sets. Note that
concentrations and flows are plotted on a logarithmic
scale. Post-EWQ median enterococcus concentrations
were within the EWQ 95% confidence intervals.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Escherichia coli colonies/100 ml
Existing Water Quality (Table 2R):

Median 38/100 ml

Lower 95% Confidence Interval 20/100 ml

Upper 95% Confidence Interval 60/100 ml

Defined in regulations as a flow-related parameter

Water quality degradation is evident here. E. coli
concentrations apparently increased between the EWQ
and Post-EWQ periods. However, potential laboratory
artifacts and insufficient post-EWQ sampling frequency
introduced uncertainty into conclusions. Post-EWQ
median E. coli rose above the EWQ upper 95%
confidence interval.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1570 BCP Tohickon 20 518.4 12.96
EwQ
1570 BCP Tohickon Post 16 1296.0 81.00
H statistic 6.84
X?approximation 6.84
DF 1
p-value 0.0089

HO: 8, = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

Note that concentrations and flows are plotted on a
logarithmic scale. E. coli concentrations were positively
related to flow in the EWQ data set, but unrelated to
flow in the post-EWQ data set — possibly due to too few
post-EWQ samples (n=16). No independent data from
other agencies were available at this site to validate
DRBC’s conclusion.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Fecal coliform colonies/100 ml
Existing Water Quality (Table 2R):

Median 90/100 ml

Lower 95% Confidence Interval 60/100 ml

Upper 95% Confidence Interval 170/100 ml
Defined in regulations as a flow-related parameter

No water quality degradation is evident. Fecal coliform
concentrations did not measurably change between the
EWQ and post-EWQ periods. Fecal coliform
concentrations are positively related to flow in the EWQ
data set, but unrelated to flow in the post-EWQ data set
- probably because of too few post-EWQ samples
(n=16).

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1570 BCP Tohickon
EWQ

45 180.0 4.00

1570 BCP Tohickon Post 16 506.3 31.64

H statistic 218
X2 approximation 218
DF 1
p-value 0.1399

HO: 8, = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypothesis at the &

Insufficient sampling frequency and potential laboratory
artifacts introduced uncertainty into conclusions. Post-
EWQ median concentrations fell below the EWQ lower
95% confidence interval, but the data were naturally
variable and post-EWQ N was low so no real change
occurred. Note that concentrations and flows are
plotted on a logarithmic scale.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Hardness as CaCO3, Total mg/I
Existing Water Quality (Table 2R):

Median 64 mg/I

Lower 95% Confidence Interval 62 mg/I

Upper 95% Confidence Interval 68 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank

1570 BCP Tohickon
EwQ

47 196.1 4.17

1570 BCP Tohickon Post 16 576.0 36.00

H statistic 2.30
X? approximation 230
DF 1
p-value .1293

HO: 8, = 6, = 6.

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth 1t the 5% sigl

No water quality degradation is evident. Hardness did
not measurably change between the EWQ and post-
EWQ periods. Hardness is inversely related to flow in
both data sets. Post-EWQ median hardness was above
the EWQ upper 95% confidence interval, but the
increase was not significant because too few post-EWQ
samples were taken (n=16) to be able to distinguish a
real difference between the two periods. Note that
flows are plotted on a logarithmic scale.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (Table 2R, as Nitrate only):

Median 0.63 mg/I
Lower 95% Confidence Interval 0.52 mg/I
Upper 95% Confidence Interval 0.72 mg/I

Kruskal-Wallis test

No water quality degradation is evident. Nitrate
concentrations apparently declined between the EWQ
and post-EWQ periods. However, insufficient sampling
frequency and potential laboratory artifacts introduced
uncertainty into conclusions. Nitrate is unrelated
related to flow in the EWQ data set, but positively
related to flow in the post-EWQ data set.

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1570 BCP Tohickon 3 14768 3435
EwQ
1570 BCP Tohickon Post 16 3969.0 248.06
H statistic 18.47
X?approximation 18.47
DF 1
p-value <0.0001

HO: 8, = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Post-EWQ nitrate + nitrite concentrations were
assumed equivalent for comparison with EWQ nitrate
concentrations since EWQ nitrite concentrations were
never detected. Note that flows are plotted on a
logarithmic scale. Independent data were not available
for validation of the apparent decline. Tohickon Creek
possesses the lowest nitrate + nitrite concentrations
among all of the tributaries to the Lower Delaware.
This is probably due to sequestration of nutrients by
Lake Nockamixon, which is located well upstream of the
sampling site.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Nitrogen as N, Total (TN) mg/|
Existing Water Quality (Table 2R):

Median 1.03 mg/I
Lower 95% Confidence Interval 0.87 mg/|
Upper 95% Confidence Interval 1.16 mg/I

Kruskal-Wallis test

No water quality degradation is evident. Total Nitrogen
concentrations apparently declined between the EWQ
and post-EWQ periods. However, insufficient sampling
frequency and potential laboratory artifacts introduced
uncertainty into conclusions.

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1570 BCP Tohickon 40 864.9 2162
EWQ
1570 BCP Tohickon Post 16 2162.3 135.14
H statistic 11.38
X2 approximation 11.38
DF 1
p-value 0.0007*

HO: 8 = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

TN is positively related to flow in both data sets, though
weakly so in the EWQ data set. Note that flows are
plotted on a logarithmic scale. DRBC results could not
be independently validated. Post-EWQ median TN
concentrations fell well below the EWQ lower 95%
confidence interval.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality (Table 2R):

Median 0.37 mg/I
Lower 95% Confidence Interval 0.34 mg/|
Upper 95% Confidence Interval 0.49 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1570 BCP Tohickon

40 5.6 0.14
EwQ
1570 BCP Tohickon Post 16 14.1 0.88
H statistic 0.07
X2 approximation 0.07

DF 1
p-value 0.7855

HO: 8, = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypothesis at the &

No water quality degradation is evident. TKN
concentrations did not measurably change between the
EWQ and post-EWQ periods. TKN concentration is
related to flow in both data sets, though more weakly
related in the post-EWQ data set, which is probably due
to fewer samples (n=16). TKN ranges less widely and is
less variable in the post-EWQ data set, though this
pattern may be attributable to laboratory artifacts.
Note that flows are plotted on a logarithmic scale. Post-
EWQ median TKN was within the EWQ 95% confidence
intervals.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Orthophosphate as P, Total mg/|
Existing Water Quality (Table 2R):

Median 0.015 mg/I
Lower 95% Confidence Interval 0.010 mg/I
Upper 95% Confidence Interval 0.020 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

No water quality degradation is evident.
Orthophosphate concentrations did not change
between the EWQ and post-EWQ periods. Detection
limit differences, laboratory artifacts, and insufficient
sampling frequency introduced uncertainty into
conclusions.

1570 BCP Tohickon
EWQ

40 152.1 3.80

1570 BCP Tohickon Post 16 380.3 23.77

H statistic 213

X2 approximation 213
DF 1

p-value 0.1442

HO: 8, = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth atthe °

Orthophosphate is very weakly related to flow in both
data sets. Post-EWQ median orthophosphate was
within the EWQ 95% confidence intervals. The post-
EWQ data describe actually orthophosphate
concentrations better than the EWQ data, which had 12
non-detect results. There were no undetected results in
the post-EWQ data, as detection limits were lower in
that data set. There were no independent data to
confirm DRBC results.
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Chapter 9: 1570 BCP Tohickon Creek, PA
pH, units
Existing Water Quality (Table 2R):

Median 8.00 standard units
Lower 95% Confidence Interval 7.80 standard units
Upper 95% Confidence Interval 8.20 standard units

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

Rank sum Mean rank

No water quality degradation is evident. pH did not
measurably change between the EWQ and post-EWQ
periods. pH is unrelated to flow in both data sets, but
tends toward neutral during higher flow conditions.
Post-EWQ median pH was within the EWQ 95%
confidence intervals.

1570 BCP Tohickon
EwQ

1570 BCP Tohickon Post

H statistic

X2 approximation
DF

p-value

HO: 8, = 8, = 6.

47

0.88
0.88

1
0.3486

69.1 147

216.6 14.44

The median of the populations are all equal.
H1:6;# 6 foratleastone i,
The median of the populations are notall equal.

Do not reject th

at the 5

pH is a bit higher in Tohickon Creek compared to other
Delaware River tributaries, which is not surprising given

that the Tohickon Creek is more wide, shallow and

exposed to sunlight than other tributaries. Algal
productivity is high in Tohickon Creek, and in the dry
year of 2010 there were two sample results over pH 9.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Phosphorus as P, Total (TP) mg/I
Existing Water Quality (Table 2R):

Median 0.04 mg/|
Lower 95% Confidence Interval 0.04 mg/|
Upper 95% Confidence Interval 0.05 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1570 BCP Tohickon 40 672.4 1681
EWQ
1570 BCP Tohickon Post 16 1681.0 105.06
H statistic 8.96
X2 approximation 8.96
DF 1
p-value 0.0028*

HO: 8 = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident. Total
Phosphorus (TP) apparently declined between the EWQ
and post-EWQ periods. However, insufficient sampling
frequency and potential laboratory artifacts introduced
uncertainty into conclusions. Post-EWQ median total
phosphorus fell below the EWQ lower 95% confidence
interval. TP is weakly related to flow in both data sets.
In EWQ data the relationship to flow appears stronger,
but the regression is skewed by a single high outlier
sample taken in August 2003. No independent data
were available to confirm these results.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Specific Conductance umho/cm
Existing Water Quality (Table 2R):

Median 218 umho/cm

Lower 95% Confidence Interval 212 umho/cm
Upper 95% Confidence Interval 226 umho/cm
Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Water quality degradation is indicated here. Specific
conductance rose above the EWQ upper 95%
confidence interval between the EWQ and post-EWQ
periods. Specific conductance is weakly and inversely
related to flow in both data sets.

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1570 BCP Tohickon 47 956.3 20.35
EWQ
1570 BCP Tohickon Post 15 2996.3 199.75
H statistic 12.15
X2 approximation 12.15
DF 1
p-value 0.0005*

HO: 8 = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Specific conductance was defined as a flow-related
parameter in the EWQ data set (DRBC water quality
regulations Table 2R), even though the relationship was
very weak at this site. Post-EWQ sampling frequency
was insufficient. Rising specific conductance may be
attributable to the concurrent rise in chloride
concentrations. In this Wild and Scenic designated
stream, median specific conductance has risen from 218
to 251 umho/cm, a 15% increase over a short time
period.

Delaware River Basin Commission
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Chapter 9: 1570 BCP Tohickon Creek, PA
Total Dissolved Solids (TDS) mg/|
Existing Water Quality (Table 2R):

Median 162 mg/I

Lower 95% Confidence Interval 150 mg/I

Upper 95% Confidence Interval 170 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1570 BCP Tohickon 47 15282 3251
EwQ
1570 BCP Tohickon Post 16 4489.0 280.56
H statistic 17.97
X? approximation 17.97
DF 1
p-value <0.00011!

HO: 8, = 8, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

No water quality degradation is evident. TDS
apparently declined between the EWQ and post-EWQ
periods. However, potential laboratory artifacts and
insufficient post-EWQ sampling frequency introduced
uncertainty into conclusions. TDS is inversely related to
flow in the EWQ data set, but unrelated to flow in the
post-EWQ data set. Post-EWQ median TDS fell below
the EWQ lower 95% lower confidence interval. Post-
EWQ detection limits were lower than EWQ detection
limits, though there were no non-detect results at any
time.

Delaware River Basin Commission
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Chapter 9: 1570 BCP Tohickon Creek, PA
Total Suspended Solids (TSS) mg/|
Existing Water Quality (Table 2R):

Median 2.0 mg/I*

Lower 95% Confidence Interval 1.0 mg/I

Upper 95% Confidence Interval 2.5 mg/I

*Should have been designated in rules as flow-related

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank

1570 BCP Tohickon

47 1294 275
EwQ
1570 BCP Tohickon Post 16 380.3 23.77
H statistic 1.55
X? approximation 155
DF 1

p-value 0.2132

HO: 8, = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth 1t the 5% sign

No water quality degradation is evident. TSS did not
measurably change between the EWQ and post-EWQ
periods. TSS is positively related to flow in both data
sets. Post-EWQ median TSS was within the EWQ 95%
confidence intervals. Note that both flow and

concentration are plotted on a logarithmic scale.

Note: In the DRBC water quality regulations Table 2R,
TSS should have been designated as a flow-related
parameter for Tohickon Creek.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Turbidity NTU
Existing Water Quality (Table 2R):

Median 1.3 NTU

Lower 95% Confidence Interval 0.9 NTU

Upper 95% Confidence Interval 2.0 NTU

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1570 BCP Tohickon

47 28 0.06
EwQ
1570 BCP Tohickon Post 15 8.8 0.59
H statistic 0.04
X2 approximation 0.04
DF 1

p-value 0.8499

HO:8,=0,=0..
The median of the populations are all equal.
H1:6,# 6 foratleastone i

The median of the populations are notall equal.

Do not reject th atthe 5

No water quality degradation is evident. Turbidity did
not measurably change between the EWQ and post-
EWQ periods. The post-EWQ median turbidity fell
within the EWQ 95% confidence intervals of the
median. Turbidity is related to flow in both data sets.
Note that concentration and flow is represented on

logarithmic scale.
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Chapter 9: 1570 BCP Tohickon Creek, PA
Water Temperature, degrees C

Not included in DRBC Existing Water Quality rules

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank
1 BCP i
570 BCP Tohickon 47 521 111
EwQ
1570 BCP Tohickon Post 15 163.4 10.89
H statistic 0.66
X? approximation 0.66
DF 1
p-value 0.4158
H0: 0, =6, =6..

The median of the populations are all equal.
H1:6;# 6 foratleastone i,
The median of the populations are not all equal.

Do not reject the null hypothesis at the 5% significan

No water quality degradation is evident. Water
temperature did not measurably change between the
EWQ and post-EWQ periods. Water temperature is
unrelated to flow in both data sets. Note that flows are

plotted on a logarithmic scale.
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Chapter 10: 1616 BCP Tinicum Creek, Bucks County, PA
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Analysis of flow differences between the EWQ and post-
EWQ periods:

Flow was roughly the same between the EWQ and post-
EWQ periods. Fewer samples were collected in the
post-EWQ period, and the range of flow conditions
sampled was narrower. Flow is plotted on a logarithmic
scale.

Kruskal-Wallis test

Flow cfs by
Monloc_ShortSite_PreP

ost
1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

n Rank sum Mean rank
36 9.5 0.26
15 22.8 1.52

0.15
0.15

1
0.7021

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..

The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance le

The 24 square mile Tinicum Creek watershed was
included in the Lower Delaware Wild and Scenic
designation for its scenic and natural value. The
watershed is about 77% forested and less than 1%
urban land cover. There is no underlying carbonate
bedrock in the watershed, so water quality is typical of
a Piedmont stream. Much of the stream flows over and
along exposed bedrock, and the headwaters include
some PA Exceptional Value streams.

Upstream ICP: Delaware River at Milford 1677 ICP
Downstream ICP: Del. River at Bulls Island 1554 ICP

Delaware River Basin Commission

Annual May to September flow statistics are plotted
above. Flow is plotted on a logarithmic scale. These are
flow measurements or associated with the time of each
water quality sample. Mean annual flow is about 37 cfs;
and harmonic mean flow is about 11 cfs (USGS
StreamStats retrieval) which is more typical of summer
flow conditions. Though a wide range of flows were
sampled by DRBC, these data sets appear to be most
representative of low to low-normal flow conditions
except for high-flow years 2003 and 2009. Flows
corresponding to each water quality sample were
estimated using either a gage-discharge rating
constructed by DRBC or the USGS BaSE* program.
There was an excellent correspondence between
sample flows determined by the DRBC gage and BaSE-
derived estimates, so DRBC intends to use the BaSE
program for future flow estimates. DRBC’s gages here
have been destroyed many times by floods.

Maintaining a gage at DRBC’s monitoring site is no
longer economically viable.

*Stuckey, M.H., Koerkle, E.H., and Ulrich, J.E., 2012,
Estimation of baseline daily mean streamflows for
ungaged locations on Pennsylvania streams, water
years 1960-2008: U.S. Geological Survey Scientific
Investigations Report 2012-5142, 61 p.)
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Chapter 10: 1616 BCP Tinicum Creek, PA
Alkalinity as CaCO3, Total mg/I
Existing Water Quality (Table 2Q):

Median 61 mg/I

Lower 95% Confidence Interval 52 mg/I

Upper 95% Confidence Interval 72 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

Rank sum Mean rank

36
15

1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

0.05
0.05

1
0.8281

H statistic

X2 approximation
DF

p-value

H0:6,=6,=6..

31 0.09
73 0.49

The median of the populations are all equal.

H1:6,# 6, for atleastone i j

The median of the populations are notall equal.
Do not reject the null hypothesis a 5

ignificance level

No water quality degradation is evident here. Alkalinity

did not measurably change between the EWQ and post-

EWQ periods. Alkalinity is inversely related to flow in
both data sets. Post-EWQ median alkalinity fell within
EWQ 95% confidence intervals. Flow is plotted on a

logarithmic scale.
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Chapter 10: 1616 BCP Tinicum Creek, PA
Ammonia Nitrogen as N, Total mg/I
Existing Water Quality (Table 2Q):

Median <0.05 mg/|
Lower 95% Confidence Interval <0.05 mg/I
Upper 95% Confidence Interval <0.05 mg/I

No water quality degradation is evident here. Ammonia
concentrations apparently declined. Post-EWQ median
ammonia concentration was below the EWQ lower 95%
confidence interval. However, potential laboratory
artifacts, detection limit differences, and insufficient
post-EWQ sampling frequency introduced uncertainty
into conclusions.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

29 1421.0 49.00
14 29435 210.25

1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

33.53

33.53

1
<0.00011

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..

The median of the populations are all equal.
H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alterative hypothesis at the 5% significance level

No independent data were available to validate results.
EWQ data possessed 26/29 undetected results, which
interfered with calculation of the median. Thus EWQ
was established as <0.05 mg/I, the detection limit at the
time. Post-EWQ 2009-2011 lower detection levels of
0.004-0.006 mg/I still resulted in 6 of 14 non-detects.
So rather than a real change in ambient concentrations
we are now able to measure actual lower
concentrations. Improvement possibly took place, as
the post-EWQ data contained no concentrations over
0.012 mg/I. Flow is plotted on a logarithmic scale.

Delaware River Basin Commission
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Chapter 10: 1616 BCP Tinicum Creek, PA
Chloride, Total mg/I
Existing Water Quality (Table 2Q):

Median 14 mg/I
Lower 95% Confidence Interval 12 mg/I
Upper 95% Confidence Interval 16 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank
1616 BCP Tinicum EWQ 29 116.0 4.00
1616 BCP Tinicum Post 15 2243 14.95
H statistic 2.07
X2 approximation 2.07
DF 1
p-value 0.1501
HO:6,=6,=6...

The median of the populations are all equal.
H1:8,# 6, foratleastone i,j
The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance

No water quality degradation is evident here. Chloride
concentrations did not measurably change between the
two periods. Post-EWQ median concentration rose to
the EWQ upper 95% confidence interval. Flow is
plotted on a logarithmic scale.

Delaware River Basin Commission
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Chapter 10: 1616 BCP Tinicum Creek, PA
Dissolved Oxygen (DO) mg/I
Existing Water Quality (Table 2Q):

Median 9.80 mg/I
Lower 95% Confidence Interval 8.90 mg/|
Upper 95% Confidence Interval 10.10 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

n Rank sum Mean rank
36 76 0.21
14 19.4 139

ost
1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

0.13
0.13
1

0.7214

H statistic

X? approximation
DF

p-value

H0:6,=6,=6..
The median of the populations are all equal.

H1:6,% 6, foratleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident here. No
measurable change took place between the EWQ and
Post-EWQ periods. Post-EWQ median DO
concentration fell within the EWQ 95% confidence
intervals. Flow is plotted on a logarithmic scale. DO
concentration is unrelated to flow in both data sets.
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Chapter 10: 1616 BCP Tinicum Creek, PA
Dissolved Oxygen Saturation %
Existing Water Quality (Table 2Q):

Median 104%
Lower 95% Confidence Interval 101%
Upper 95% Confidence Interval 107%

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1616 BCP Tinicum EWQ 35 73 0.21
1616 BCP Tinicum Post 14 183 131

X? approximation 0.13
DF

H statistic 0.13
p-value

HO: 8,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance le

No water quality degradation is evident here. Dissolved
Oxygen Saturation is unrelated to flow, and did not
measurably change between the EWQ and post-EWQ
periods. Post-EWQ median DO saturation was within
the EWQ 95% confidence intervals. Flow is plotted on a
logarithmic scale. Tinicum Creek is wide and shallow,
without full shading by riparian vegetation in many
locations. This promotes increased algal production
because sunlight can reach all parts of the stream
bottom. During mid-day hours the algae and aquatic
plants produce oxygen super-saturation conditions,
thus there are frequently observed saturation values
over 120%.

Delaware River Basin Commission
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Chapter 10: 1616 BCP Tinicum Creek, PA
Enterococcus colonies/100 ml
Existing Water Quality (Table 2Q):

Median 200/100 ml
Lower 95% Confidence Interval 96/100 ml
Upper 95% Confidence Interval 340/100 ml

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP

ost n Rank sum Mean rank

34 7.5 0.22
15 17.1 1.14

1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

0.12
0.12
1

H statistic

X? approximation
DF

p-value

0

H0:6,=6,=6..
The median of the populations are all equal.
H1:6,% 6, foratleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident here.
Enterococci did not measurably change between the
EWQ and Post-EWQ periods. Enterococcus
concentrations are unrelated to flow in both data sets.
Concentrations and flows are plotted on a logarithmic
scale, and regressions are power relationships. Post-
EWQ median enterococcus concentrations were within
the EWQ 95% confidence intervals.
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Chapter 10: 1616 BCP Tinicum Creek, PA
Escherichia coli colonies/100 ml
Existing Water Quality (Table 2Q):

Median 80/100 ml
Lower 95% Confidence Interval 55/100 ml
Upper 95% Confidence Interval 180/100 ml

Evidence of water quality degradation is shown here. E.
coli concentrations apparently increased between the
EWQ and Post-EWQ periods. However, conclusions are
obscured by uncertainty introduced by potential
laboratory artifacts and insufficient post-EWQ sampling
frequency. Post-EWQ median E. coli rose above the
EWQ upper 95% confidence interval.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
n

ost Rank sum Mean rank

1616 BCP Tinicum EWQ 29 504.9 17.41
1616 BCP Tinicum Post 15 976.1 65.07

X2 approximation 8.98
DF 1

H statistic 8.98
p-value 0.00271

HO:6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Concentrations and flows are plotted on logarithmic
scale and regressions are power relationships. E. coli
concentrations were positively but weakly related to
flow in the EWQ data set, but unrelated to flow in the
post-EWQ data set — possibly due to too few post-EWQ
samples (n=15). No independent data from other
agencies were available at this site to validate DRBC's
conclusion.

Delaware River Basin Commission
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Chapter 10: 1616 BCP Tinicum Creek, PA
Fecal coliform colonies/100 ml
Existing Water Quality (Table 2Q):

Median 155/100 ml
Lower 95% Confidence Interval 124/100 ml
Upper 95% Confidence Interval 280/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

n Rank sum Mean rank
34 0.2 0.01
15 0.4 0.03

0.00
0.00

1
0.9567

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident here. Fecal
coliform concentrations did not measurably change
between the EWQ and post-EWQ periods. Fecal
coliform concentrations are unrelated to flow in both
data sets. Post-EWQ median concentrations were
within the EWQ 95% confidence intervals.
Concentrations and flows are plotted on logarithmic

scale and regressions are power relationships.
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Chapter 10: 1616 BCP Tinicum Creek, PA
Hardness as CaCO3, Total mg/I
Existing Water Quality (Table 2Q):

Median 91 mg/I

Lower 95% Confidence Interval 75 mg/I

Upper 95% Confidence Interval 101 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Monloc_ShortSite_PreP

Result Measure by
ost n Rank sum Mean rank

1616 BCP Tinicum EWQ 36 152.1 4.23
1616 BCP Tinicum Post 15 365.1 2434

2.35
235

1
0.1256

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance le

No water quality degradation is evident here. Hardness
did not measurably change between the EWQ and post-
EWQ periods. Hardness is inversely related to flow in
both data sets. Post-EWQ median hardness was above
the EWQ upper 95% confidence interval, but the
increase was not significant because too few post-EWQ
samples were taken (n=15) to be able to distinguish a
real difference between the two periods. Flow is
plotted on logarithmic scale.
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Chapter 10: 1616 BCP Tinicum Creek, PA
Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (Table 2Q, as Nitrate only):

Median 0.79 mg/I
Lower 95% Confidence Interval 0.64 mg/|
Upper 95% Confidence Interval 1.00 mg/I

No water quality degradation is evident here. Nitrate
concentrations apparently declined between the EWQ
and post-EWQ periods. However, this conclusion is
uncertain because of potential laboratory artifacts and
insufficient post-EWQ sampling frequency. Nitrate is
unrelated related to flow in the EWQ data set, but
positively related to flow in the post-EWQ data set.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

34 1359.6 39.99
15 3081.7 205.44

1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

21.76

21.76

1
<0.0001*

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Due to the small number of post-EWQ data, flow
conditions are not fully represented. Post-EWQ nitrate
+ nitrite concentrations were assumed equivalent for
comparison with EWQ nitrate concentrations since
EWQ nitrite concentrations were never detected.
Independent data were not available for validation of
the apparent decline. Even though the clear trend in
the annual graph may show nothing more than
differences between laboratories, there is some
evidence for water quality improvement in that there
are no concentrations higher than 0.51 mg/I in the post-
EWQ data.

Delaware River Basin Commission
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Chapter 10: 1616 BCP Tinicum Creek, PA
Nitrogen as N, Total (TN) mg/I
Existing Water Quality (Table 2Q):

Median 1.14 mg/|
Lower 95% Confidence Interval 0.79 mg/|
Upper 95% Confidence Interval 1.23 mg/I

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

n Rank sum Mean rank

29 899.4 31.01
15 1738.8 115.92

1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

15.99

15.99

1
<0.0001*

H statistic

X? approximation
DF

p-value

H0:6,=6,=6..

The median of the populations are all equal.
H1:6,% 6, foratleastone i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident here. Total
Nitrogen concentrations apparently declined between
the EWQ and post-EWQ periods. Such a conclusion is
uncertain because of potential laboratory artifacts and
insufficient post-EWQ sampling frequency. TN is
positively related to flow in the post-EWQ data set, but
unrelated to flow in the EWQ data set. Flow is plotted
on logarithmic scale. DRBC results could not be
independently validated. Post-EWQ median TN
concentrations fell below the EWQ lower 95%
confidence interval.

Delaware River Basin Commission
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Chapter 10: 1616 BCP Tinicum Creek, PA
Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality (Table 2Q):

Median 0.30 mg/I
Lower 95% Confidence Interval 0.13 mg/I
Upper 95% Confidence Interval 0.41 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

29 321 111
15 62.0 413

1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

057
057

1
0.4499

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident here. TKN
concentrations did not measurably change between the
EWQ and post-EWQ periods. Potential laboratory
artifacts introduced uncertainty into apparently obvious
trends. TKN concentration is unrelated to flow in both
data sets. TKN ranges less widely and is less variable in
the post-EWQ data set. Flow is plotted on logarithmic
scale. Post-EWQ median TKN was within the EWQ 95%
confidence intervals.

Delaware River Basin Commission
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Chapter 10: 1616 BCP Tinicum Creek, PA
Orthophosphate as P, Total mg/|
Existing Water Quality (Table 2Q):

Median 0.01 mg/I
Lower 95% Confidence Interval 0.01 mg/|
Upper 95% Confidence Interval 0.02 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

n Rank sum Mean rank
29 560.6 19.33
15 1083.8 72.25

11.01

11.01

1
0.00091

H statistic

X2 approximation
DF

p-value

HO:8,=6,=0..

The median of the populations are all equal.
H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Orthophosphate is weakly related to flow in both data
sets. Flow is plotted on logarithmic scale. Post-EWQ
median orthophosphate fell below the EWQ lower 95%
confidence interval. Post-EWQ data describe actual

No water quality degradation is evident here. orthophosphate concentrations better than the EWQ
Orthophosphate concentrations apparently declined data, where 19/29 undetected results interfered with
between the EWQ and post-EWQ periods. Detection calculation of the median. There were no undetected
limit differences, potential laboratory artifacts and results in the post-EWQ data, when detection limits
insufficient post-EWQ sampling frequency introduced were lower. There were no independent data to
uncertainty into conclusions. confirm DRBC results.
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Chapter 10: 1616 BCP Tinicum Creek, PA
pH, units
Existing Water Quality (Table 2Q):

Median 8.00 standard units
Lower 95% Confidence Interval 7.70 standard units
Upper 95% Confidence Interval 8.30 standard units

No water quality degradation is evident here. pH did
not measurably change between the EWQ and post-

EWQ periods. pH is unrelated to flow in both data sets.

pH tends toward neutral during higher flow conditions.
Flow is plotted on logarithmic scale. Post-EWQ median
pH was within the EWQ 95% confidence intervals.

Delaware River Basin Commission

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost
1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

n Rank sum Mean rank
36 284 0.79
14 731 5.22

0.48
0.48

1
0.4889

H statistic

X2 approximation
DF

p-value

HO: 8,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for at least one i,j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance le

In Tinicum Creek, mid-day pH tends to run higher than
some other watersheds due to its wide, shallow
channel. There is high algae production at the DRBC
monitoring site driving up the mid-day pH.
Pennsylvania pH criteria occasionally are exceeded
here.
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Chapter 10: 1616 BCP Tinicum Creek, PA
Phosphorus as P, Total (TP) mg/I
Existing Water Quality (Table 2Q):

Median 0.04 mg/I
Lower 95% Confidence Interval 0.03 mg/|
Upper 95% Confidence Interval 0.04 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
n

ost Rank sum Mean rank

1616 BCP Tinicum EWQ 30 1203.3 40.11
1616 BCP Tinicum Post 15 2406.7 160.44
H statistic 21.17
X2 approximation 21.17
DF 1
p-value <0.0001*
HO:6,=6,=6...

The median of the populations are all equal.
H1:8,# 6, foratleastone i,j
The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident here. Total
Phosphorus (TP) concentrations apparently declined
between the EWQ and post-EWQ periods. However,
detection limit differences, potential laboratory artifacts
and insufficient post-EWQ sampling frequency
introduced uncertainty into conclusions. Post-EWQ
median total phosphorus fell below the EWQ lower 95%
confidence interval. TP is very weakly related to flow in
both data sets. No independent data were available to
confirm these results.

Delaware River Basin Commission
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Chapter 10: 1616 BCP Tinicum Creek, PA
Specific Conductance umho/cm
Existing Water Quality (Table 2Q):

Median 247 umho/cm

Lower 95% Confidence Interval 219 umho/cm
Upper 95% Confidence Interval 262 umho/cm
Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

n Rank sum Mean rank
36 364.2 10.12
14 936.4 66.89

6.12

6.12

1
0.0134*!

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

There is some evidence of water quality degradation
here. Specific conductance rose above the EWQ upper
95% confidence interval between the EWQ and post-
EWQ periods. Specific conductance is inversely related
to flow in both data sets. Flow is plotted on logarithmic
scale.

The rise in specific conductance may be partially
attributable to the concurrent rise in chloride
concentrations. Median specific conductance has risen
from 247 to 296 umhos/cm, a 20% increase.

Delaware River Basin Commission
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Chapter 10: 1616 BCP Tinicum Creek, PA
Total Dissolved Solids (TDS) mg/|
Existing Water Quality (Table 2Q):

Median 180 mg/I

Lower 95% Confidence Interval 170 mg/|

Upper 95% Confidence Interval 190 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

36 84.0 233
15 201.7 13.44

1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

130
130

1
0.2545

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for atleastone i j
The median of the populations are notall equal.
Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident here. TDS
apparently declined between the EWQ and post-EWQ
periods, but not significantly. Conclusions are uncertain
because of potential laboratory artifacts. TDS is
inversely related to flow in both data sets. Post-EWQ
median TDS fell below the EWQ lower 95% lower
confidence interval. Post-EWQ detection limits were
lower than EWQ detection limits, though there were no
non-detect results at any time. Flow is plotted on
logarithmic scale.

Delaware River Basin Commission
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Chapter 10: 1616 BCP Tinicum Creek, PA
Total Suspended Solids (TSS) mg/|
Existing Water Quality (Table 2Q):

Median 2.0 mg/I
Lower 95% Confidence Interval 1.0 mg/I
Upper 95% Confidence Interval 3.0 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

36 3484 9.68
15 836.3 55.75

1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

5.43

543

1
0.0198*

H statistic

X? approximation
DF

p-value

H0:6,=6,=6..
The median of the populations are all equal.
H1:6,% 6, foratleastone i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident here. TSS
apparently declined between the EWQ and post-EWQ
periods. Sources of uncertainty included potential
laboratory artifacts and insufficient post-EWQ sampling
(n=15). TSS is unrelated to flow in both data sets,
mainly because it is unsafe to sample Tinicum Creek at
this site during high-flow so a flow relationship could
not be defined. Post-EWQ median TSS was within the
EWQ 95% confidence intervals, but the difference in
median concentrations was significant. Flows and
concentrations are plotted on logarithmic scale and
regressions are power relationships.

Delaware River Basin Commission

Tinicum Creek, PA - Page 20



Chapter 10: 1616 BCP Tinicum Creek, PA
Turbidity NTU
Existing Water Quality (Table 2Q):

Median 1.1 NTU

Lower 95% Confidence Interval 0.9 NTU

Upper 95% Confidence Interval 1.8 NTU

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

36 303 0.84
14 77.8 5.56

1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

0.51
051
1
0.4754

H statistic

X2 approximation
DF

p-value

HO:6,=6,=6..
The median of the populations are all equal.

H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident here. Turbidity
did not measurably change between the EWQ and post-
EWQ periods. Analytical uncertainty was introduced by
insufficient post-EWQ sampling (n=14). Post-EWQ
median turbidity fell within the EWQ 95% confidence
intervals. Turbidity is related to flow in both data sets.
Concentrations and flows are represented on
logarithmic scale, and regressions are power
relationships.
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Chapter 10: 1616 BCP Tinicum Creek, PA
Water Temperature, degrees C

Not included in DRBC Existing Water Quality rules

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

35 193 0.55
14 483 3.45

1616 BCP Tinicum EWQ
1616 BCP Tinicum Post

033
033

H statistic

X2 approximation
DF

p-value

0.5650

HO:6,=6,=6..
The median of the populations are all equal.
H1:6,# 6, for atleastone i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance level

No water quality degradation is evident here. Water
temperature did not measurably change between the
EWQ and post-EWQ periods. Analytical uncertainty was
introduced by insufficient post-EWQ sampling (n=14).
Water temperature is unrelated to flow in the EWQ
data set but inversely related to flow in the post-EWQ
data set. Flow is plotted on logarithmic scale.
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Chapter 11: 1641 BCP Nishisakawick Creek, Hunterdon County, NJ

Delaware River Basin Commission Nishisakawick Creek, NJ - Page 1



Analysis of flow differences between the EWQ and post-
EWQ periods:

Flow was roughly the same between the EWQ and post-
EWQ periods. Fewer samples were collected in the
post-EWQ period, and the range of flow conditions
sampled was narrower. Flow is plotted on logarithmic
scale.

Kruskal-Wallis test

Flow cfs by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1641 BCP Nishisak EWQ| 37 103 0.28

1641 BCP Nishisak Post 17 224 132

H statistic 0.13
X2 approximation 0.13
DF 1

p-value 0.716

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, forat least one i j

The median of the populations are notall equal.
Do not reject the null hypoth it the ©

The 11.2 square mile Nishisakawick Creek watershed is

about 30% forested and contains about 2.8% urban land
cover. There is no underlying carbonate bedrock in the

watershed, so water quality is expected to be typical of

a Piedmont stream with some agricultural influences.

Upstream ICP: Delaware River at Milford 1677 ICP
Downstream ICP: Delaware River at Bulls Island 1554
ICP

Annual May to September flow statistics associated
with water quality measurements are plotted above.
Flow is plotted on logarithmic scale. These are flow
measurements or sometimes estimates associated with
the time of each water quality sample. Mean annual
flow is about 16.7 cfs; and harmonic mean flow is about
4.53 cfs (USGS StreamStats retrieval February 2014)
which is more typical of summer flow conditions.
Though DRBC sampled a wide range of flows, these data
sets appear most representative of low to low-normal
flow conditions except for high-flow years of 2003 and
2011. Flows corresponding to each water quality
sample were estimated using either a gage-discharge
rating constructed by DRBC or a Delaware River Basin
adaptation of the USGS BaSE*program. There was an
excellent correspondence between sample flows
determined by the DRBC gage and BaSE-derived
estimates, so DRBC intends to use the BaSE program for
future flow estimates. DRBC's gages have too often
been disrupted by storms, and maintaining a gage at
DRBC’s monitoring site is not economically viable. DRBC
continues to use bridge benchmark readings to relate
and check with BaSE estimates.

*Stuckey, M.H., Koerkle, E.H., and Ulrich, J.E., 2012,
Estimation of baseline daily mean streamflows for
ungaged locations on Pennsylvania streams, water
years 1960—-2008: U.S. Geological Survey Scientific
Investigations Report 2012-5142, 61 p.)
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Alkalinity as CaCO3, Total mg/I
Existing Water Quality (Table 2P):

Median 45 mg/I

Lower 95% Confidence Interval 40 mg/I

Upper 95% Confidence Interval 51 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_Prep
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 37 0.1 0.00
1641 BCP Nishisak Post 17 0.1 0.01
H statistic 0.00
X? approximation 0.00
DF 1
p-value 0.9777
HO0: 0, =6, =6..

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypothesis at the 5

No water quality degradation is evident here. Alkalinity
did not measurably change between the EWQ and post-
EWQ periods. Sources of analytical uncertainty
included potential laboratory artifacts and insufficient
post-EWQ sampling (n=17). Alkalinity is inversely
related to flow in both data sets. Post-EWQ median
alkalinity fell within EWQ 95% confidence intervals.
Flow is plotted on logarithmic scale.

Delaware River Basin Commission
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Ammonia Nitrogen as N, Total mg/I
Existing Water Quality (Table 2P):

Median <0.05 mg/|
Lower 95% Confidence Interval <0.05 mg/I
Upper 95% Confidence Interval 0.06 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 32 2048.0 64.00
1641 BCP Nishisak Post 16 4096.0 256.00
H statistic 33.82
X2 approximation 33.82
DF 1
p-value <0.0001!

HO:6,= 6, = ..
The median of the populations are all equal.
H1:6,# 6 for at least one i,

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

EWQ data possessed numerous non-detect results (22
of 32 samples) that interfered with calculation of the
median. Thus EWQ was established as <0.05 mg/I, the
detection limit at the time. Under 2009-2011 lower

No water quality degradation is evident here. Ammonia detection levels there still were 6/16 undetected
concentrations apparently declined. However, different results. So DRBC post-EWQ results show actual
detection limits, potential laboratory artifacts, concentrations. Some water quality improvement
insufficient post-EWQ sampling frequency, and under- possibly took place, as the post-EWQ data contained no
representation of the post-EWQ flow conditions concentrations greater than 0.016 mg/Il. Flow is plotted
introduced analytical uncertainty. Post-EWQ median on logarithmic scale. Too few independent data were
ammonia concentration was below the EWQ lower 95% available to validate results.

confidence interval.
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Chloride, Total mg/I
Existing Water Quality (Table 2P):

Median 15 mg/I
Lower 95% Confidence Interval 14 mg/I
Upper 95% Confidence Interval 16 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

Rank sum Mean rank

1641 BCP Nishisak EWQ

1641 BCP Nishisak Post

H statistic

X? approximation
DF

p-value

HO: 8, =6, = 6...

30

17

22.83

22.83

1
<0.0001!

1540.8 5136

2719.1 159.95

The median of the populations are all equal.
H1:6,# 6 for at least one i,
The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Water quality degradation is evident here. Chloride
concentrations measurably rose between the two

periods. Potential laboratory artifacts and insufficient
post-EWQ sampling introduced analytical uncertainty.
Post-EWQ median concentration rose above the EWQ
upper 95% confidence interval. Flow is plotted on

logarithmic scale.

Delaware River Basin Commission
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Dissolved Oxygen (DO) mg/I
Existing Water Quality (Table 2P):

Median 9.65 mg/I
Lower 95% Confidence Interval 9.11 mg/I
Upper 95% Confidence Interval 10.10 mg/I

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 36 1914 532
1641 BCP Nishisak Post 14 4921 35.15
H statistic 3.22
X? approximation 3.22
DF 1
p-value 0.0729
HO:8,=6,=6..

The median of the populations are all equal.
H1:6,# 6, forat least one i j
The median of the populations are notall equal.

Do not reject the null hypothesis at the 5 nificance level

Slight evidence of water quality degradation is
indicated. No measurable change took place between
the EWQ and Post-EWQ periods. Post-EWQ median DO
concentration fell below the EWQ 95% lower
confidence interval, but the difference insignificant due
to insufficient post-EWQ data (n=14). Flow is plotted on
a logarithmic scale. DO concentration is unrelated to
flow in both data sets.
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Nishisakawick Creek, NJ - Page 6



Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Dissolved Oxygen Saturation %
Existing Water Quality (Table 2P):

Median 101%
Lower 95% Confidence Interval 99%
Upper 95% Confidence Interval 105%

Kruskal-Wallis test

Result Measure by,
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank

1641 BCP Nishisak EWQ 36 205.4 571

1641 BCP Nishisak Post 14 5283 37.73

H statistic 345
X2 approximation 345
DF 1
p-value 0.063

Some evidence of water quality degradation is
indicated. Dissolved Oxygen Saturation is unrelated to
flow, and did not measurably change between the EWQ
and post-EWQ periods. Post-EWQ median DO
saturation fell below the lower EWQ 95% confidence
interval, though the difference was insignificant due to
insufficient post-EWQ data (n=14). Post-EWQ data
contain four values of DO saturation below 90%, where
EWQ data contained one value below 90%. There may
be a source of oxygen demand in the watershed that
did not previously exist.

Delaware River Basin Commission
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Enterococcus colonies/100 ml
Existing Water Quality (Table 2P):

Median 240/100 ml
Lower 95% Confidence Interval 170/100 ml
Upper 95% Confidence Interval 790/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_Prep
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 35 424 121
1641 BCP Nishisak Post 17 87.2 5.13
H statistic 0.56
X? approximation 0.56
DF 1
p-value 0.4525
HO0: 0, =6, =6..

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypothesis at the 5% sigi

No water quality degradation is evident here.
Enterococci apparently did not measurably change
between the EWQ and Post-EWQ periods. Potential
laboratory artifacts and insufficient post-EWQ sampling
introduced analytical uncertainty. Enterococcus
concentrations are unrelated to flow in both data sets.
Note that concentrations and flows are plotted on a
logarithmic scale. Post-EWQ median enterococcus
concentrations were within the EWQ 95% confidence
intervals.
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Escherichia coli colonies/100 ml
Existing Water Quality (Table 2P):

Median 48/100 ml

Lower 95% Confidence Interval 20/100 ml

Upper 95% Confidence Interval 96/100 ml

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 30 607.5 20.25
1641 BCP Nishisak Post 17 10721 63.06
H statistic 8.95
X2 approximation 8.95
DF 1
p-value 0.0028
H0:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6 for at least one i,
The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

E. coli concentrations were positively but weakly related
to flow in the EWQ data set, but unrelated to flow in the
post-EWQ data set — possibly due to insufficient post-
EWQ sampling frequency (n=17). No independent data

Evidence of water quality degradation is indicated. E. were available at this site to validate DRBC’s conclusion.
coli concentrations apparently increased between the The increase in E. coli concentrations may be related to
EWQ and Post-EWQ periods. Post-EWQ median E. coli the decline in dissolved oxygen saturation noted earlier
rose above the EWQ upper 95% confidence interval. if there is a source in the watershed.

Potential laboratory artifacts may introduce uncertainty
into conclusions.
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Fecal coliform colonies/100 ml
Existing Water Quality (Table 2P):

Median 85/100 ml
Lower 95% Confidence Interval 50/100 ml
Upper 95% Confidence Interval 120/100 ml

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 35 206.4 5.90
1641 BCP Nishisak Post 17 425.0 25.00
H statistic 275
X2 approximation 275
DF 1
p-value 0.0970
HO: 6= 6, = 6.

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypothesis at the 5

No water quality degradation is evident here. Fecal
coliform concentrations apparently did not measurably
change between the EWQ and post-EWQ periods.
Potential laboratory artifacts and insufficient post-EWQ
sampling introduced analytical uncertainty. Fecal
coliform concentrations are unrelated to flow in both
data sets. Post-EWQ median concentrations were
within the EWQ 95% confidence intervals. Note that
concentrations and flows are plotted on a logarithmic
scale.
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Hardness as CaCO3, Total mg/I
Existing Water Quality (Table 2P):

Median 60 mg/I

Lower 95% Confidence Interval 59 mg/I

Upper 95% Confidence Interval 65 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Weak evidence of water quality degradation is
indicated. Hardness apparently did not measurably
change between the EWQ and post-EWQ periods.

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ| 37 295.1 7.98
1641 BCP Nishisak Post 17 642.4 37.79
H statistic 379
X2 approximation 3.79
DF 1
p-value 0.051
HO0: 8, =6, =6...

The median of the populations are all equal.
H1:6,# 6, forat least one i j

The median of the populations are notall equal.
Do not reject the null hypothesis at the

Potential laboratory artifacts and insufficient post-EWQ
sampling introduced analytical uncertainty. Hardness is
inversely related to flow in both data sets. Post-EWQ
median hardness was above the EWQ upper 95%
confidence interval, but the increase insignificant. As
hardness is usually geologically sourced, the increase
may be related to the flow conditions sampled unless
there is an unknown new source in the watershed.
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (Table 2P, as Nitrate only):

Median 1.62 mg/I
Lower 95% Confidence Interval 1.52 mg/I
Upper 95% Confidence Interval 1.83 mg/I

No water quality degradation is evident here. Nitrate
concentrations did not measurably change between the
EWQ and post-EWQ periods. Potential laboratory
artifacts, insufficient post-EWQ sampling, and under-
representation of post-EWQ flow conditions introduced
analytical uncertainty.

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 33 449 1.36
1641 BCP Nishisak Post 17 87.2 5.13
H statistic 0.62
X*approximation 0.62
DF 1
p-value 0.4304
H0:0,=6,=06..

The median of the populations are all equal.
H1:6,# 6 foratleastone i

The median of the populations are notall equal.
Do not reject the null hypoth atthe 5

Nitrate is unrelated related to flow in the EWQ data set,
but positively related to flow in the post-EWQ data set.
Post-EWQ nitrate + nitrite concentrations were
assumed equivalent for comparison with EWQ nitrate
concentrations since EWQ nitrite concentrations were
never detected. Independent data were not available
for validation of DRBC data. 2001-2003 data were most
comparable with post-EWQ data.
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Nitrogen as N, Total (TN) mg/|
Existing Water Quality (Table 2P):

Median 2.09 mg/I
Lower 95% Confidence Interval 1.70 mg/|
Upper 95% Confidence Interval 2.39 mg/I

No water quality degradation is evident here. Total
Nitrogen concentrations apparently declined between
the EWQ and post-EWQ periods. Potential laboratory
artifacts and insufficient post-EWQ sampling frequency
introduced uncertainty into conclusions.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_Prep
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 30 300.8 10.03
1641 BCP Nishisak Post 17 5309 31.23
H statistic 4.42
X2 approximation 442
DF 1
p-value 0.03541
HO0: 0, =6, =6..

The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

TN is positively related to flow in the post-EWQ data
set, but unrelated to flow in the EWQ data set. DRBC
results could not be independently validated. Post-
EWQ median TN concentrations fell within the EWQ
95% confidence intervals, but the decline in
concentrations was significant.
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality (Table 2P):

Median 0.35 mg/I
Lower 95% Confidence Interval 0.21 mg/I
Upper 95% Confidence Interval 0.59 mg/I

No water quality degradation is evident here. TKN
concentrations apparently declined between the EWQ
and post-EWQ periods. However, potential laboratory
artifacts and insufficient post-EWQ sampling frequency
introduced uncertainty into conclusions.

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

Rank sum Mean rank

1641 BCP Nishisak EWQ

1641 BCP Nishisak Post

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.

30

17

5.41

541
1

0.02011

367.5 12.25

648.5 38.15

The median of the populations are all equal.
H1:6,# 6 foratleastone i
The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

TKN concentration is unrelated to flow in the EWQ data
set, but positively related to flow in the post-EWQ data
set. TKN ranges much less widely and is less variable in
the post-EWQ data set. Note that flows are plotted on a
logarithmic scale. Post-EWQ median TKN was within
the EWQ 95% confidence intervals, but the decline was

significant.
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Orthophosphate as P, Total mg/|
Existing Water Quality (Table 2P):

Median 0.04 mg/|
Lower 95% Confidence Interval 0.03 mg/|
Upper 95% Confidence Interval 0.05 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_Prep
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 30 93.6 312
1641 BCP Nishisak Post 17 165.2 9.72
H statistic 139
X? approximation 139
DF 1
p-value .2379
HO0: 0, =6, =6..

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypothesis at the 5% sigi

No water quality degradation is evident here.
Orthophosphate apparently did not change between
the EWQ and post-EWQ periods. Potential laboratory
artifacts, detection limit differences, and insufficient
post-EWQ sampling frequency introduced uncertainty
into data comparisons. Orthophosphate is weakly
related to flow in both data sets. Flows is plotted on
logarithmic scale. Post-EWQ median orthophosphate
fell within the EWQ 95% confidence intervals. There
were no independent data to confirm DRBC results.

Delaware River Basin Commission

Nishisakawick Creek, NJ - Page 15



Chapter 11: 1641 BCP Nishisakawick Creek, NJ
pH
Existing Water Quality (Table 2P):

Median 7.89 standard units
Lower 95% Confidence Interval 7.56 standard units
Upper 95% Confidence Interval 8.00 standard units

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_Prep
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 37 86.3 233
1641 BCP Nishisak Post 15 212.8 14.19
H statistic 131
X? approximation 131
DF 1
p-value ).2532
HO0: 0, =6, =6..

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypothesis at the 5% sigi

No water quality degradation is evident here. pH did
not measurably change between the EWQ and post-
EWQ periods. Analytical uncertainty was introduced by
insufficient post-EWQ sampling (n=15). pH is unrelated
to flow in both data sets. Flow is plotted on logarithmic
scale. Post-EWQ median pH was within the EWQ 95%
confidence intervals.
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Phosphorus as P, Total (TP) mg/I
Existing Water Quality (Table 2P):

Median 0.06 mg/I
Lower 95% Confidence Interval 0.05 mg/|
Upper 95% Confidence Interval 0.07 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_Prep
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 31 11341 36.58
1641 BCP Nishisak Post 17 2068.0 121.65
H statistic 16.41
X2 approximation 16.41
DF 1
p-value <0.00011
HO0: 0, =6, =6..

The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident here. Total
Phosphorus (TP) concentrations apparently declined
between the EWQ and post-EWQ periods. However,
potential laboratory artifacts and insufficient post-EWQ
sampling frequency (n=17) introduced uncertainty into
data comparisons. Post-EWQ median total phosphorus
fell below the EWQ lower 95% confidence interval. TP
is very weakly related to flow in both data sets. Flow is
plotted on logarithmic scale. No independent data
were available to confirm these results.

Delaware River Basin Commission
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Specific Conductance umho/cm
Existing Water Quality (Table 2P):

Median 181 umho/cm

Lower 95% Confidence Interval 176 umho/cm
Upper 95% Confidence Interval 190 umho/cm
Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 37 945.1 25.54
1641 BCP Nishisak Post 15 23313 155.42
H statistic 14.28
X? approximation 14.28
DF 1
p-value 0.00021*
H0:0,=6,=06..

The median of the populations are all equal.
H1:8,# 6 for at least one i j
The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Water quality degradation is indicated here. Specific
conductance rose above the EWQ upper 95%
confidence interval between the EWQ and post-EWQ
periods. However, insufficient post-EWQ sampling
frequency (n=17) and under-representation of post-
EWQ flow conditions introduced uncertainty into data
comparisons. Specific conductance is inversely related
to flow in both data sets. Flow is plotted on logarithmic
scale. The rise in specific conductance may be partially
attributable to the concurrent rise in chloride
concentrations. Median specific conductance has risen
from 181 to 208 umhos/cm; a 15% increase.
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Total Dissolved Solids (TDS) mg/|
Existing Water Quality (Table 2P):

Median 130 mg/I

Lower 95% Confidence Interval 120 mg/I

Upper 95% Confidence Interval 144 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

No water quality degradation is evident here. TDS
apparently declined between the EWQ and post-EWQ
periods. Potential laboratory artifacts, insufficient post-
EWQ sampling frequency (n=17) and under-
representation of post-EWQ flow conditions introduced
uncertainty into data comparisons.

Result Measure by
Monloc_ShortSite_Prep
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 37 596.0 16.11
1641 BCP Nishisak Post 17 1297.2 76.31
H statistic 7.68
X? approximation 7.68
DF 1
p-value 0.0056*
HO0: 0, =6, =6..

The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

TDS is inversely related to flow in both data sets. Post-
EWQ median TDS fell below the EWQ lower 95% lower
confidence interval, and was much less variable than
the baseline samples as well. Post-EWQ detection limits
were lower than EWQ detection limits, though there
were no non-detect results at any time.
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Nishisakawick Creek, NJ - Page 19




Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Total Suspended Solids (TSS) mg/|
Existing Water Quality (Table 2P):

Median 1.5 mg/I
Lower 95% Confidence Interval 1.0 mg/I
Upper 95% Confidence Interval 2.0 mg/I

No water quality degradation is evident here. TSS
apparently declined between EWQ and post-EWQ
periods. Potential laboratory artifacts, insufficient post-
EWQ sampling frequency (n=17) and under-
representation of post-EWQ flow conditions introduced
uncertainty into data comparisons. TSS is unrelated to
flow in both data sets.

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 37 991.1 26.79
1641 BCP Nishisak Post 17 2157.2 126.89
H statistic 12.82
X*approximation 12.82
DF 1
p-value 0.0003*
H0:0,=6,=06..

The median of the populations are all equal.
H1:8,# 6 for at least one i j
The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Post-EWQ median TSS fell below the lower EWQ 95%
confidence interval and the difference in median
concentrations was significant. Flows and
concentrations are plotted on logarithmic scale. TSS
should be related to flow, so it appears that too few
samples were taken in both periods to fully characterize
TSS for Nishisakawick Creek.
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Turbidity NTU
Existing Water Quality (Table 2P):

Median 1.3 NTU

Lower 95% Confidence Interval 0.9 NTU

Upper 95% Confidence Interval 2.0 NTU

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_Prep
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 37 285 0.77
1641 BCP Nishisak Post 15 70.4 4.69
H statistic 043
X2 approximation 043
DF 1
p-value 0.5113
HO0: 0, =6, =6..

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypothesis at the 5% sigi

No water quality degradation is evident here. Turbidity
did not measurably change between the EWQ and post-
EWQ periods. The post-EWQ median turbidity fell
within the EWQ 95% confidence intervals of the
median. Turbidity is weakly related to flow in the EWQ
data set and unrelated to flow in the post-EWQ data
set. There were too few samples taken in the post-
EWQ period, and post-EWQ flow conditions were not
fully represented. Concentrations and flows are
represented on logarithmic scale.
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Chapter 11: 1641 BCP Nishisakawick Creek, NJ
Water Temperature, degrees C

Not included in DRBC Existing Water Quality rules

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1641 BCP Nishisak EWQ 37 125 034
1641 BCP Nishisak Post 15 30.8 2,05
H statistic 0.19
X2 approximation 0.19
DF 1
p-value 0.6641
H0:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6 for at least one i,
The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance leve

No water quality degradation is evident here. Water
temperature did not measurably change between the
EWQ and post-EWQ periods. There were too few post-
EWQ samples (n=15). Water temperature is unrelated
to flow in both data sets. Flow is plotted on logarithmic

scale.
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Chapter 12: 1677 ICP Delaware River at Milford/Upper Black Eddy
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Analysis of flow differences between the EWQ and post-
EWQ periods:

Flow was roughly the same between the EWQ and post-
EWQ periods. Fewer samples were collected in the
post-EWQ period, and the range of flow conditions
sampled was narrower. Flow is plotted on a logarithmic
scale.

Kruskal-Wallis test

Flow cfs by,
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank

1677 ICP DRMilford
EWQ

1677 ICP DRMilford
Post

50 33.6 0.67

12 1401 11.67

H statistic 0.53
X*approximation 0.53
DF

p-value

HO:0,=6,=0..
The median of the populations are all equal
H1:6,% 6 for atleastone i j
The median of the populations are not all equal.
Do not reject the null hypothesis at the 5 ficance leve

For many of the water quality parameters to follow,
there were an insufficient number of samples taken to
set up a good statistical comparison between the two
periods. For the next assessment round biweekly
instead of monthly sampling is recommended.

Annual flow statistics are plotted above. These are May
to September flow measurements associated with the
time of each water quality sample. Flow is interpolated
at this location using drainage area weighting based on
the USGS continuous stream gage at Trenton, NJ.
“Normal” flow is about 9,000 cfs at this location on the
Delaware River, but median summer flows are typically
around 5,000 cfs.

Upstream ICP: Delaware River at Riegelsville 1748 ICP
Downstream ICP: Del. River at Bulls Island 1554 ICP

Tributary BCP Watersheds in Upstream Reach:

Musconetcong River, NJ — 1746 BCP
Cooks Creek, PA— 1737 BCP

All other tributary watersheds are less than 20 square
miles and have little effect upon the Delaware River.

Delaware River Basin Commission
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Alkalinity as CaCO3, Total mg/I
Existing Water Quality (Table 20):

Median 44 mg/I

Lower 95% Confidence Interval 37 mg/I

Upper 95% Confidence Interval 49 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1677 ICP DRMilford

50 49.0 0.98
EWQ]
1677 ICP DRMilford 14 175.0 12.50
Post
H statistic 065
X2 approximation 0.65
DF 1

p-value 0.4213

HO: 8 = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

Do not e null hypothesis at the &

No water quality degradation is evident here. Alkalinity
apparently did not measurably change between the
EWQ and post-EWQ periods. Potential laboratory
artifacts and insufficient post-EWQ sampling introduced
analytical uncertainty. Alkalinity is inversely related to
flow in both data sets. Post-EWQ median alkalinity fell
within EWQ 95% confidence intervals. Flow is plotted
on a logarithmic scale.
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Ammonia Nitrogen as N, Total mg/I
Existing Water Quality (Table 20):

Median <0.05 mg/I
Lower 95% Confidence Interval <0.05 mg/I
Upper 95% Confidence Interval 0.05 mg/I

No water quality degradation is evident here. Ammonia
concentrations apparently declined. However,
potential laboratory artifacts, detection limit
differences, and insufficient post-EWQ sampling
frequency (n=14) introduced analytical uncertainty.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1677 ICP DRMilford 20 1144.9 2862
EwQ
1677 ICP DRMilford 14 32711 23365
Post
H statistic 18.47
X2 approximation 18.47
DF 1
p-value <0.00011!

HO:8,=0,=0..
The median of the populations are all equal.
H1:6,# 6 foratleastone i

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Post-EWQ median ammonia concentration was below
the EWQ lower 95% confidence interval. No
independent data were available to validate results.
EWQ data possessed 25/40 undetected results which
interfered with calculation of the median value. Thus
EWQ was established as <0.05 mg/I. Under 2009-2011
lower detection levels there was only one undetected
result, revealing actual low-level ammonia
concentrations. Some evidence for water quality
improvement exists as post-EWQ data contained no
concentrations above 0.04 mg/Il. Flow is plotted on a
logarithmic scale.
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Chloride, Total mg/I
Existing Water Quality (Table 20):

Median 17 mg/I

Lower 95% Confidence Interval 15 mg/I

Upper 95% Confidence Interval 20 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank
1677 ICP DRMilford 20 960.4 24.01
EwQ
1677 ICP DRMilford 14 2744.0 196.00
Post
H statistic 15.01
X? approximation 15.01
DF 1
p-value 0.0001*

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

Water quality degradation is evident here. Chloride
concentrations apparently rose by about 5 mg/I
between the two periods. Potential laboratory artifacts
and insufficient post-EWQ sampling frequency (n=14)
introduced analytical uncertainty. Post-EWQ median
concentration rose above the EWQ upper 95%
confidence interval. Both data sets are inversely flow-
related. The post-EWQ data are not fully representative
of flow conditions, as few samples were collected under
high flow conditions. Bi-weekly instead of monthly
sampling is recommended for the next assessment.
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Dissolved Oxygen (DO) mg/I
Existing Water Quality (Table 20):

Median 8.74 mg/I
Lower 95% Confidence Interval 8.20 mg/|
Upper 95% Confidence Interval 8.96 mg/I

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank
1677 ICP DRMilford 49 8.6 018
EwQ
1677 ICP DRMilford 12 350 292
Post
H statistic 0.14
X2 approximation 0.14
DF 1
p-value ).7099

HO: 8, = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth 1t the 5% sigl

No water quality degradation is evident here. No
measurable change took place between the EWQ and
Post-EWQ periods. There were too few post-EWQ
samples (n=12). Post-EWQ median DO concentration
fell within the EWQ 95% confidence intervals. Flow is
plotted on a logarithmic scale. DO concentration is

unrelated to flow in both data sets.
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Dissolved Oxygen Saturation %
Existing Water Quality (Table 20):

Median 96%
Lower 95% Confidence Interval 95%
Upper 95% Confidence Interval 97%

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n

Rank sum Mean rank

1677 ICP DRMilford
EwQ
1677 ICP DRMilford
Post

49

H statistic 0.40
X2 approximation 0.40
DF 1
p-value ).5254
H0: 0, =6, =6..

25.0 0.51

102.1 8.51

The median of the populations are all equal.

H1:6;# 6 foratleastone i,

The median of the populations are notall equal.

Do not reject the null hypoth

at the 5

No water quality degradation is evident here. Dissolved

Oxygen Saturation is unrelated to flow, and did not
measurably change between the EWQ and post-EWQ
periods. Post-EWQ median DO saturation fell below the
lower EWQ 95% confidence interval, though the
difference was not significant due to insufficient post-
EWQ sampling (n=12). Flow is plotted on a logarithmic

scale.
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Enterococcus colonies/100 ml
Existing Water Quality (Table 20):

Median 45/100 ml
Lower 95% Confidence Interval 28/100 ml
Upper 95% Confidence Interval 98/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1677 ICP DRMilford

45 113 0.25
EWQ
1677 ICP DRMilford 14 362 258
Post
H statistic 0.16
X? approximation 0.16

DF 1
p-value ).6884

HO:8,=0,=0..

The median of the populations are all equal.
H1:6,# 6 foratleastone i

The median of the populations are notall equal.
Do not reject the null hypoth 1t the 5% sig

No water quality degradation is evident here.
Enterococci did not measurably change between the
EWQ and Post-EWQ periods. Uncertainty is introduced
into comparisons by potential laboratory artifacts and
insufficient post-EWQ sampling frequency. Both data
sets are unrelated to flow. Post-EWQ samples were not
representative of the full range of flow conditions. Note
that concentrations and flows are plotted on a
logarithmic scale. Post-EWQ median enterococcus
concentrations fell within the EWQ 95% confidence

intervals.
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Escherichia coli colonies/100 ml
Existing Water Quality (Table 20):

Median 28/100 ml

Lower 95% Confidence Interval 15/100 ml

Upper 95% Confidence Interval 60/100 ml|

Defined in regulations as a flow-related parameter

No water quality degradation is evident here. E. coli
concentrations apparently did not change between the
EWQ and Post-EWQ periods. Uncertainty is introduced
into comparisons by potential laboratory artifacts and
insufficient post-EWQ sampling frequency (n=12). Post-
EWQ median E. coli fell within the EWQ 95% confidence
intervals. Note that concentrations and flows are
plotted on a logarithmic scale.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1677 ICP DRMilford

40 0.0 0.00
EwQ
1677 ICP DRMilford 12 0.0 0.00
Post
H statistic 0.00
X?approximation 0.00
DF 1

p-value 1.0000

HO: 8, = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

Do not ill hypoth atthe -

E. coli concentrations were positively but weakly related
to flow in the EWQ data set, but unrelated to flow in the
post-EWQ data set. Post-EWQ data were not fully
representative of flow conditions. No independent data
were available for validation.
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Fecal coliform colonies/100 ml
Existing Water Quality (Table 20):

Median 60/100 ml

Lower 95% Confidence Interval 40/100 ml

Upper 95% Confidence Interval 120/100 ml
Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank

1677 ICP DRMilford

45 9.8 0.22
EwQ
1677 ICP DRMilford 14 315 225
Post
H statistic 0.14
X2 approximation 0.14

DF 1
p-value .7079

HO: 8, = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth 1t the 5% sig

No water quality degradation is evident here. Fecal
coliform concentrations apparently did not measurably
change between the EWQ and post-EWQ periods.
Uncertainty is introduced into comparisons by potential
laboratory artifacts and insufficient post-EWQ sampling
frequency (n=14). Fecal coliform concentrations are
weakly related to flow in the EWQ data set, and
positively related to flow in the post-EWQ data set.
Post-EWQ median concentrations were within the EWQ
95% confidence intervals. Note that concentrations and
flows are plotted on a logarithmic scale.
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Hardness as CaCO3, Total mg/I
Existing Water Quality (Table 20):

Median 67 mg/I

Lower 95% Confidence Interval 55 mg/I

Upper 95% Confidence Interval 73 mg/|

Defined in regulations as a flow-related parameter

No water quality degradation is evident here. Hardness
apparently did not measurably change between the
EWQ and post-EWQ periods. Uncertainty is introduced
into comparisons by potential laboratory artifacts and
insufficient post-EWQ sampling frequency (n=14).
Hardness is inversely related to flow in both data sets.
Post-EWQ median hardness was at the EWQ upper 95%
confidence interval, but the increase was not

significant. Flows are plotted on a logarithmic scale.
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (Table 20, as Nitrate only):

Median 1.09 mg/I
Lower 95% Confidence Interval 0.96 mg/|
Upper 95% Confidence Interval 1.25 mg/I

Kruskal-Wallis test

No water quality degradation is evident here. Nitrate

concentrations apparently declined between the EWQ
and post-EWQ periods. Uncertainty is introduced into
comparisons by potential laboratory artifacts, different

detection limits and insufficient post-EWQ sampling
frequency (n=14).

Delaware River Basin Commission

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1677 ICP DRMilford 49 668.6 1364
EwQ
1677 ICP DRMilford 14 23401 16715
Post
H statistic 8.96
X? approximation 8.96
DF 1
p-value 0.0028*

HO: 8, = 8, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Nitrate is unrelated related to flow in the EWQ data set,
but inversely related to flow in the post-EWQ data set.

Post-EWQ concentrations fell below the EWQ lower
95% confidence interval. Post-EWQ nitrate + nitrite
concentrations were assumed equivalent for
comparison with EWQ nitrate concentrations since

EWQ nitrite concentrations were never detected. Flow

is plotted on a logarithmic scale. Independent data
were not available for validation of DRBC data.
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Nitrogen as N, Total (TN) mg/I
Existing Water Quality (Table 20):

Median 1.48 mg/I
Lower 95% Confidence Interval 1.23 mg/I
Upper 95% Confidence Interval 1.68 mg/I

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank
1677 ICP DRMilford 20 624.1 15.60
EwQ
1677 ICP DRMilford 14 17831 12737
Post
H statistic 9.73
X? approximation 9.73
DF 1
p-value 0.0018*

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

No water quality degradation is evident here. Total
Nitrogen concentrations apparently declined between
the EWQ and post-EWQ periods. Uncertainty is
introduced into comparisons by potential laboratory
artifacts, different detection limits and insufficient post-
EWQ sampling frequency (n=14). TN is inversely related
to flow in the post-EWQ data set, but unrelated to flow
in the EWQ data set. Flow is plotted on a logarithmic
scale. DRBC results could not be independently
validated. Post-EWQ median TN concentrations fell
below the EWQ lower 95% confidence interval.
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality (Table 20):

Median 0.34 mg/I
Lower 95% Confidence Interval 0.26 mg/|
Upper 95% Confidence Interval 0.46 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1677 ICP DRMilford
EwQ

1677 ICP DRMilford
Post

40 207.0 5.18

14 591.5 42.25

H statistic 3.23

X? approximation 3.23
DF 1

p-value .0724

HO:8,=0,=0..
The median of the populations are all equal.
H1:6,# 6 foratleastone i

The median of the populations are notall equal.

Do not reject th atthe 5

No water quality degradation is evident here. TKN
concentrations apparently did not measurably change
between the EWQ and post-EWQ periods, though the
post-EWQ range was far narrower and all
concentrations were less than 0.5 mg/l. Uncertainty is
introduced into comparisons by potential laboratory
artifacts and insufficient post-EWQ sampling frequency
(n=14). TKN concentration is unrelated to flow in both
data sets. Flow is plotted on a logarithmic scale. Post-
EWQ median TKN was within the EWQ 95% confidence
intervals but very near the lower interval.
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Orthophosphate as P, Total mg/|
Existing Water Quality (Table 20):

Median 0.04 mg/I
Lower 95% Confidence Interval 0.04 mg/|
Upper 95% Confidence Interval 0.07 mg/I

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank
1677 ICP DRMilford 3 3238 753
EwQ
1677 ICP DRMilford 14 994.6 71.04
Post
H statistic 4.83
X2 approximation 4.83
DF 1
p-value 0.02791

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

No water quality degradation is evident here.
Orthophosphate concentrations apparently declined.
Uncertainty in comparisons was introduced by potential
laboratory artifacts, declining detection limits and
insufficient post-EWQ sampling frequency. Both data
sets are weakly and inversely related to flow. Post-EWQ
median orthophosphate fell below the EWQ lower 95%
confidence interval. A water quality improvement is
evidenced in that there were no post-EWQ
concentrations higher than 0.07 mg/l. There were no
independent data to confirm DRBC results.
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

pH
Existing Water Quality (Table 20):

Median 7.58 standard units
Lower 95% Confidence Interval 7.44 standard units
Upper 95% Confidence Interval 7.80 standard units

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank

1677 ICP DRMilford
EwQ

1677 ICP DRMilford
Post

50 245 0.49

12 102.1 8.51

H statistic 0.39
X? approximation 039
DF 1
p-value ).532

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.

Do not reject th atthe 5

No water quality degradation is evident here. pH did
not measurably change between the EWQ and post-
EWQ periods. pH is weakly related to flow in both data
sets. Note that flows are plotted on a logarithmic scale.
Post-EWQ median pH was just above the EWQ upper
95% confidence interval, but the increase was
statistically insignificant. There were too few samples
collected in the post-EWQ period. This is a wide,
shallow reach of the Delaware, where primary
productivity is high — indicated by occasional spikes
above pH 9.
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Phosphorus as P, Total (TP) mg/I
Existing Water Quality (Table 20):

Median 0.09 mg/I
Lower 95% Confidence Interval 0.07 mg/|
Upper 95% Confidence Interval 0.12 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1677 ICP DRMilford 0 15301 36.43
EwQ
1677 ICP DRMilford 14 45902 327.87
Post
H statistic 23.10
X?approximation 23.10
DF 1
p-value <0.0001

HO: 8, = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

No water quality degradation is evident here. Total
Phosphorus (TP) concentrations apparently declined
between the EWQ and post-EWQ periods. Uncertainty
in comparisons was introduced by potential laboratory
artifacts, declining detection limits and insufficient post-
EWQ sampling frequency (n=14). Post-EWQ median
total phosphorus fell below the EWQ lower 95%
confidence interval. TP is unrelated to flow in both data
sets. Flow is plotted on a logarithmic scale. No

independent data were available to confirm these
results.
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Specific Conductance umho/cm
Existing Water Quality (Table 20):

Median 189 umho/cm

Lower 95% Confidence Interval 159 umho/cm
Upper 95% Confidence Interval 203 umho/cm
Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank
1677 ICP DRMilford 50 2531 5.06
EwQ
1677 ICP DRMilford 12 1054.7 87.89
Post
H statistic 4.02
X2 approximation 4.02
DF 1
p-value 0.0450*

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Water quality degradation is evident here. Specific
conductance rose by 26 umhos/cm; above the EWQ
upper 95% confidence interval. However, uncertainty is
introduced by insufficient post-EWQ sampling
frequency and under-sampling of the full range of flow
conditions. Specific conductance is inversely related to
flow in both data sets. Flow is plotted on logarithmic
scale. The rise in specific conductance may be
associated with the concurrent rise in chloride
concentrations. Median specific conductance has risen
from 189 to 215 umhos/cm; a 14% increase.

Delaware River Basin Commission
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Total Dissolved Solids (TDS) mg/|
Existing Water Quality (Table 20):

Median 149 mg/I

Lower 95% Confidence Interval 130 mg/I

Upper 95% Confidence Interval 160 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank
1677 ICP DRMilford 47 8257 1757
EwQ
1677 ICP DRMilford 14 27721 198.01
Post
H statistic 11.44
X2 approximation 11.44
DF 1
p-value 0.0007*

HO: 8, = 8, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

No water quality degradation is evident here. TDS
apparently declined between the EWQ and post-EWQ
periods. Uncertainty in comparisons was introduced by
potential laboratory artifacts and insufficient post-EWQ
sampling frequency (n=14). TDS is inversely related to
flow in both data sets. Post-EWQ median TDS fell below
the EWQ lower 95% lower confidence interval. Post-
EWQ TDS was much less variable than the baseline
samples as well. There were no undetected results at
any time. Flow is plotted on a logarithmic scale.

Delaware River Basin Commission
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Total Suspended Solids (TSS) mg/|
Existing Water Quality (Table 20):

Median 6.0 mg/I

Lower 95% Confidence Interval 4.5 mg/I

Upper 95% Confidence Interval 7.0 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank
1677 ICP DRMilford 47 5112 10.88
EwQ
1677 ICP DRMilford 14 17161 12258
Post
H statistic 7.09
X? approximation 7.09
DF 1
p-value 0.0078*

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

No water quality degradation is evident here. TSS
apparently declined between EWQ and post-EWQ
periods. Uncertainty in comparisons was introduced by
potential laboratory artifacts, insufficient post-EWQ
sampling frequency, and under-representation of post-
EWQ flow conditions. TSS is positively related to flow in
both data sets. Post-EWQ median TSS fell below the
lower EWQ 95% confidence interval. Both flow and
concentration are plotted on a logarithmic scale.

Delaware River Basin Commission
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Turbidity NTU
Existing Water Quality (Table 20):

Median 2.9 NTU

Lower 95% Confidence Interval 2.2 NTU

Upper 95% Confidence Interval 3.8 NTU

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank
1677 ICP DRMilford 50 3485 6.97
EwQ
1677 ICP DRMilford 13 13403 103.10
Post
H statistic 5.03
X? approximation 5.03
DF 1
p-value 0.02491

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

No water quality degradation is evident here. Turbidity
appeared to decline between the EWQ and post-EWQ
periods. Uncertainty in comparisons was introduced by
insufficient post-EWQ sampling frequency (n=13). Post-
EWQ median turbidity fell below the EWQ 95%
confidence interval. Turbidity is weakly related to flow
in both data sets. Both concentration and flow are
represented on logarithmic scales.

Delaware River Basin Commission
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Chapter 12: 1677 ICP
Delaware River at Milford/Upper Black Eddy NJ/PA

Water Temperature, degrees C

Not included in DRBC Existing Water Quality rules

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost n Rank sum Mean rank
1677 ICP DRMilford 50 13 0.03
EwQ
1677 ICP DRMilford 12 53 0.44
Post
H statistic 0.02
X? approximation 0.02
DF 1
p-value ).886

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.

Do not reject the null hypoth. atthe 5

No water quality degradation is evident here. Water
temperature did not measurably change between the
EWQ and post-EWQ periods. Uncertainty in
comparisons was introduced by insufficient post-EWQ
sampling frequency (n=12). Water temperature is
weakly related to flow in both data sets. Flow is plotted

on a logarithmic scale.

Delaware River Basin Commission

Delaware River at Milford/Upper Black Eddy - Page 22



Chapter 13: 1737 BCP Cooks Creek, Bucks & Northampton Counties, PA

Delaware River Basin Commission Cooks Creek, PA - Page 1



Analysis of flow differences between the EWQ and post-
EWQ periods:

Flow was roughly the same between the EWQ and post-
EWQ periods. Fewer samples were collected in the
post-EWQ period. Although the range of flow conditions
sampled was equal, fewer samples were collected
within the 40 to 140 cfs range. Flow is plotted on a
logarithmic scale.

Kruskal-Wallis test

Flow cfs by
Monloc_ShortSite_PreP
ost

1737 BCP Cooks EWQ
1737 BCP Cooks Post

n Rank sum Mean rank
47 64.4 137
14 216.1 15.43

0.89
0.89

1
0.3455

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal
Do not reject the null hypoth 1t the 5

An insufficient number of samples were collected in the
post-EWQ period (n=14). In the future, bi-weekly
instead of monthly sampling is recommended.

At the Red Bridge Road site, the upstream Cooks Creek
watershed area is 29.6 square miles. The watershed is
about 60% forested, and 1.3% urban land cover. The
watershed is about 36% underlain by carbonate
bedrock, so expected water quality includes significant
limestone influence.

Annual May to September flow statistics associated
with water quality measurements are plotted above.
These are flow measurements or sometimes estimates
associated with the time of each water quality sample.
Mean annual flow is about 44.5 cfs; and harmonic mean
flow is about 24.1 cfs (USGS StreamStats retrieval
February 2013) which is more typical of summer flow
conditions. Though DRBC sampled a wide range of
flows, these data appear to be most representative of
low to normal flow conditions. Flows corresponding to
each water quality sample were estimated using either
a gage-discharge rating constructed by DRBC or a
Delaware River Basin adaptation of the USGS BaSE*
program once DRBC stopped maintaining the gage.
There was an excellent correspondence between
sample flows determined by the DRBC gage and BaSE-
derived estimates. Maintaining a gage at DRBC’s
monitoring site is not economically viable.

*Stuckey, M.H., Koerkle, E.H., and Ulrich, J.E., 2012,
Estimation of baseline daily mean streamflows for
ungaged locations on Pennsylvania streams, water years
1960-2008: U.S. Geological Survey Scientific
Investigations Report 2012-5142, 61 p.)

Upstream ICP: Delaware River at Riegelsville 1748 ICP
Downstream ICP: Delaware River at Milford 1677 ICP

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Alkalinity as CaCO3, Total mg/I
Existing Water Quality (Table 2N):

Median 98 mg/I

Lower 95% Confidence Interval 89 mg/I

Upper 95% Confidence Interval 104 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

Rank sum

Mean rank

47
17

1737 BCP Cooks EWQ
1737 BCP Cooks Post

0.42
0.42

1
0.5180

H statistic

X2 approximation
DF

p-value

HO: 8, = 8, = 6.

The median of the populations are all equal.

H1:8,# 6 for at least one i j

The median of the populations are notall equal.
Do not reject the null hypothe

384
106.3

s atthe 5

0.82
6.25

No water quality degradation is evident here. Alkalinity

did not measurably change between the EWQ and post-
EWQ periods. Uncertainty was introduced into
comparisons by potential laboratory artifacts and
insufficient post-EWQ sampling frequency. Alkalinity is
inversely related to flow in both data sets. Post-EWQ
median alkalinity fell within EWQ 95% confidence
intervals. Flow and concentration are plotted directly

with no transformations.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Ammonia Nitrogen as N, Total mg/|
Existing Water Quality (Table 2N):

Median <0.05 mg/|
Lower 95% Confidence Interval <0.05 mg/I
Upper 95% Confidence Interval <0.05 mg/|

No water quality degradation is evident here. Ammonia
concentrations apparently declined. Uncertainty was
introduced into comparisons by potential laboratory
artifacts, declining detection limits and insufficient post-
EWQ sampling frequency. Post-EWQ median ammonia
concentration was below the EWQ lower 95%
confidence interval.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1737 BCP Cooks EWQ
1737 BCP Cooks Post

n Rank sum Mean rank
39 2400.9 61.56
16 5852.3 365.77

3412
34.12

1
<0.0001

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No independent data were available to validate results.
EWQ data possessed 30/39 undetected results, which
interfered with calculation of the median. Thus EWQ
was established as <0.05 mg/I, the detection limit at the
time. 2009-2011 detection levels were very low (0.004-
0.006 mg/l), yet there were still 7/16 undetected
results. Thus we may have measured actual very low
concentrations rather than a real change in ambient
concentrations. Evidence of water quality improvement
may be indicated where the post-EWQ data contained
no concentrations higher than 0.02 mg/I, unless this is a
laboratory artifact.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Chloride, Total mg/I
Existing Water Quality (Table 2N):

Median 9.7 mg/I
Lower 95% Confidence Interval 8.9 mg/I
Upper 95% Confidence Interval 10.9 mg/I

Delaware River Basin Commission

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP

n Rank sum Mean rank
39 2046.3 52.47
17 4694.5 276.15

ost
1737 BCP Cooks EWQ
1737 BCP Cooks Post

25.38

25.38

1
<0.00011

H statistic

X2 approximation
DF

p-value

HO:8,=6,=0..

The median of the populations are all equal.
H1:6,# 6 foratleastone i

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Water quality degradation is evident here. Chloride
concentrations apparently rose by about 3 mg/I
between the two periods. Post-EWQ median
concentration rose above the EWQ upper 95%
confidence interval. Chloride concentration is unrelated
to flow in this data set. Uncertainty was introduced into
comparisons by potential laboratory artifacts and
insufficient post-EWQ sampling frequency. No new
discharge permits were issued in this watershed to
account for an increase, so other sources should be
investigated in this high quality watershed.
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Chapter 13: 1737 BCP Cooks Creek, PA
Dissolved Oxygen (DO) mg/I
Existing Water Quality (Table 2N):

Median 9.93 mg/I
Lower 95% Confidence Interval 9.70 mg/|
Upper 95% Confidence Interval 10.30 mg/I

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP

ost n Rank sum Mean rank

46 2.4 0.05
14 79 0.56

1737 BCP Cooks EWQ
1737 BCP Cooks Post

0.03
0.03

1
0.8544

H statistic

X2 approximation
DF

p-value

HO:8,=6,=0..

The median of the populations are all equal.
H1:6,# 6 foratleastone i

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5

No water quality degradation is evident here. No
measurable change took place between the EWQ and
Post-EWQ periods. Uncertainty was introduced into
comparisons by insufficient post-EWQ sampling
frequency. Post-EWQ median DO concentration fell
within the EWQ 95% confidence intervals. DO
concentration is unrelated to flow in both data sets.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Dissolved Oxygen Saturation %
Existing Water Quality (Table 2N):

Median 102%
Lower 95% Confidence Interval 98%
Upper 95% Confidence Interval 108%

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP

ost n Rank sum Mean rank

46 348 0.76
14 1143 8.16

1737 BCP Cooks EWQ
1737 BCP Cooks Post

0.49

0.49

1
0.48451

H statistic

X2 approximation
DF

p-value

HO:8, =6, =6...

The median of the populations are all equal.

H1:0,# 6, foratleast one i j

The median of the populations are not all equal.

" Do not reject the null hypothesis at the 5% significanc

No water quality degradation is evident here. Dissolved
Oxygen Saturation is unrelated to flow, and did not
measurably change between the EWQ and post-EWQ
periods. Uncertainty was introduced into comparisons
by insufficient post-EWQ sampling frequency. Post-
EWQ median DO saturation fell within the EWQ 95%
confidence intervals.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Enterococcus colonies/100 ml
Existing Water Quality (Table 2N):

Median 380/100 ml
Lower 95% Confidence Interval 250/100 ml
Upper 95% Confidence Interval 520/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

44 528.6 12.01
17 1368.0 80.47

1737 BCP Cooks EWQ
1737 BCP Cooks Post

6.02

6.02

1
0.01411

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident here.
Enterococci apparently declined between the EWQ and
Post-EWQ periods. Uncertainty was introduced into
comparisons by potential laboratory artifacts and
insufficient post-EWQ sampling frequency.
Enterococcus concentrations are unrelated to flow in
both data sets. Note that concentrations are plotted on
a logarithmic scale, and the regression is an exponential
relationship. Post-EWQ median enterococcus
concentrations fell below the lower EWQ 95%
confidence interval.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Escherichia coli colonies/100 ml
Existing Water Quality (Table 2N):

Median 110/100 ml

Lower 95% Confidence Interval 80/100 ml

Upper 95% Confidence Interval 200/100 ml
Defined in regulations as a flow-related parameter

Water quality degradation is evident here. E. coli
concentrations appeared to measurably increase
between the EWQ and Post-EWQ periods. Uncertainty
was introduced into comparisons by potential
laboratory artifacts and insufficient post-EWQ sampling
frequency.

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

n Rank sum Mean rank

39 80.4 2,06
16 196.0 12.25

1737 BCP Cooks EWQ
1737 BCP Cooks Post

1.08
1.08

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, forat least one i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5

Post-EWQ median E. coli rose above the EWQ 95%
confidence interval, but the post-EWQ data set
contained no high-flow samples. Note that
concentrations are plotted on a logarithmic scale. E.
coli concentrations are unrelated to flow in both data
sets, and should not have been classified as flow-related

in EWQ rules. Insufficient independent data were
available at this site to validate results.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Fecal coliform colonies/100 ml
Existing Water Quality (Table 2N):

Median 210/100 ml
Lower 95% Confidence Interval 140/100 ml
Upper 95% Confidence Interval 360/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

44 524 119
17 1355 7.97

1737 BCP Cooks EWQ
1737 BCP Cooks Post

0.60
0.60

1
0.4398

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal
Do not reject the null hypothesis at the 5% sign

No water quality degradation is evident here. Fecal
coliform concentrations did not measurably change
between the EWQ and post-EWQ periods. Uncertainty
was introduced into comparisons by potential
laboratory artifacts and insufficient post-EWQ sampling
frequency. Fecal coliform concentrations are unrelated
to flow in both data sets. Post-EWQ median
concentrations were within the EWQ 95% confidence
intervals. Concentrations are plotted on a logarithmic
scale.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Hardness as CaCO3, Total mg/I
Existing Water Quality (Table 2N):

Median 120 mg/I

Lower 95% Confidence Interval 110 mg/I

Upper 95% Confidence Interval 125 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

Rank sum

Mean rank

47
17

1737 BCP Cooks EWQ
1737 BCP Cooks Post

3.34
334

H statistic

X2 approximation
DF

p-value

0.0678

HO: 8, = 8, = 6.

The median of the populations are all equal.

H1:8,# 6 for at least one i j

The median of the populations are notall equal.
Do not reject the null hypothe

306.4
847.1

s atthe 5

6.52
49.83

No water quality degradation is evident here. Hardness

did not measurably change between the EWQ and post-
EWQ periods. Uncertainty was introduced into
comparisons by potential laboratory artifacts and

insufficient post-EWQ sampling frequency. Hardness is
inversely related to flow in both data sets. Post-EWQ
median hardness rose above the EWQ upper 95%

confidence interval, but the increase was not significant

because too few post-EWQ samples were taken (n=17)

to be able to distinguish a real difference between the

two periods.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (Table 2N, as Nitrate only):

Median 1.80 mg/I
Lower 95% Confidence Interval 1.70 mg/|
Upper 95% Confidence Interval 1.90 mg/I

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

n Rank sum Mean rank

No water quality degradation is evident here. Nitrate
concentrations apparently declined between the EWQ
and post-EWQ periods. Uncertainty was introduced
into comparisons by potential laboratory artifacts and
insufficient post-EWQ sampling frequency. Nitrate is
unrelated related to flow in both data sets.

39 660.5 16.94
17 15153 89.14

1737 BCP Cooks EWQ
1737 BCP Cooks Post

8.19
8.19

1
0.0042

H statistic

X2 approximation
DF

p-value

HO: 6,26, = 6.
The median of the populations are all equal.

H1:6,# 6 for at leastone i j

The median of the populations are notall equal.

*Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Post-EWQ concentrations fell below the EWQ lower
95% confidence interval. Post-EWQ nitrate + nitrite
concentrations were assumed equivalent for
comparison with EWQ nitrate concentrations since
EWQ nitrite concentrations were never detected.
Independent data were not available for validation of
results. At other sites where concentrations are lower,
there was a problem interpreting the data due to
changing detection limits. Concentrations are
sufficiently high in Cooks Creek that problems with
interpretation did not arise; so the decline may
represent an improvement in water quality.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Nitrogen as N, Total (TN) mg/I
Existing Water Quality (Table 2N):

Median 2.01 mg/I
Lower 95% Confidence Interval 1.95 mg/|
Upper 95% Confidence Interval 2.32 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum

Mean rank

1737 BCP Cooks EWQ
1737 BCP Cooks Post

10.69

10.69

1
0.00111

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, for at least one i j

39 863.4
17 1980.7

22.14
116.51

The median of the populations are notall equal

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident here. Total

Nitrogen concentrations apparently declined between
the EWQ and post-EWQ periods. Uncertainty was
introduced into comparisons by potential laboratory
artifacts and insufficient post-EWQ sampling frequency.
TN is unrelated to flow in both data sets. DRBC results
could not be independently validated. Post-EWQ
median TN concentrations fell below the EWQ lower

95% confidence intervals.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality (Table 2N):

Median 0.21 mg/I
Lower 95% Confidence Interval 0.13 mg/|
Upper 95% Confidence Interval 0.34 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1737 BCP Cooks EWQ
1737 BCP Cooks Post

n Rank sum Mean rank
39 20.8 0.53
17 47.8 281

0.26
0.26

1
0.6115

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal
Do not reject the null hypothesis at the 5% sign

No water quality degradation is evident here. TKN
concentrations apparently did not measurably change
between the EWQ and post-EWQ periods, though the
post-EWQ range was far narrower and all
concentrations were less than 0.4 mg/l. Uncertainty
was introduced into comparisons by potential
laboratory artifacts and insufficient post-EWQ sampling
frequency. TKN concentration is unrelated to flow in
both data sets. Post-EWQ median TKN was within the
EWQ 95% confidence intervals.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Orthophosphate as P, Total mg/I (OP)
Existing Water Quality (Table 2N):

Median 0.01 mg/I
Lower 95% Confidence Interval 0.01 mg/|
Upper 95% Confidence Interval 0.02 mg/I

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP

ost n Rank sum Mean rank

40 616.2 15.41
17 1449.9 85.29

1737 BCP Cooks EWQ
1737 BCP Cooks Post

791

791

1
0.0049*

H statistic

X2 approximation
DF

p-value

HO: 6,26, = 6.
The median of the populations are all equal.

H1:6,# 6 for at leastone i j

The median of the populations are notall equal.

*Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident here. OP
concentrations apparently declined between the EWQ
and post-EWQ periods. Uncertainty was introduced
into comparisons by potential laboratory artifacts,
declining detection limits and insufficient post-EWQ
sampling frequency. OP is weakly related to flow in the
EWQ data set, but unrelated to flow in the post-EWQ
data set. Post-EWQ median orthophosphate fell below
the EWQ lower 95% confidence interval. Evidence for a
water quality improvement is that there were no post-
EWQ concentrations higher than 0.07 mg/l. There were
no independent data to confirm results.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
pH
Existing Water Quality (Table 2N):

Median 8.04 standard units
Lower 95% Confidence Interval 7.94 standard units
Upper 95% Confidence Interval 8.19 standard units

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

n Rank sum Mean rank

47 63.2 134
14 212.2 15.15

1737 BCP Cooks EWQ
1737 BCP Cooks Post

0.88
0.88

1
0.3495

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, forat least one i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5

No water quality degradation is evident here. pH did
not measurably change between the EWQ and post-
EWQ periods. Uncertainty was introduced into
comparisons by insufficient post-EWQ sampling
frequency. pH is unrelated to flow in both data sets.
Post-EWQ median pH was within the EWQ 95%
confidence intervals. In 2010 there was one spike
above pH 9, indicating high algal productivity during
that sampling period.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Phosphorus as P, Total (TP) mg/I
Existing Water Quality (Table 2N):

Median 0.04 mg/|
Lower 95% Confidence Interval 0.03 mg/|
Upper 95% Confidence Interval 0.06 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

39
17

1737 BCP Cooks EWQ
1737 BCP Cooks Post

17.42

17.42

1
<0.00011!

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.

1398.0 35.85
3207.2 188.66

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident here. Total
Phosphorus (TP) concentrations apparently declined
between the EWQ and post-EWQ periods. Uncertainty
was introduced into comparisons by potential

laboratory artifacts, declining detection limits and

insufficient post-EWQ sampling frequency. Post-EWQ
median total phosphorus fell below the EWQ lower 95%
confidence interval. TP is weakly related to flow in both

data sets. No independent data were available to

confirm these results.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Specific Conductance umho/cm
Existing Water Quality (Table 2N):

Median 258 umho/cm

Lower 95% Confidence Interval 244 umho/cm
Upper 95% Confidence Interval 278 umho/cm
Defined in regulations as a flow-related parameter

Water quality degradation is evident here. Specific
conductance rose by 31 umho/cm; above the EWQ
upper 95% confidence interval. Uncertainty was
introduced into comparisons by insufficient post-EWQ
sampling frequency.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n

Mean rank

47
14

1737 BCP Cooks EWQ
1737 BCP Cooks Post

7.26
7.26

1
0.0071

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal

11.16
125.76

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Specific conductance is inversely related to flow in both

data sets. Part of the increase may be attributable to

fewer high-flow samples taken in the post-EWQ period.

Unrelated to the increase, limestone-influenced

streams like Cooks Creek generally possess higher

specific conductance, alkalinity and hardness than the

Piedmont watersheds downstream.

The rise in specific conductance may be partially

attributable to the concurrent rise in chloride

concentrations. Median specific conductance has risen

from 258 to 289 umhos/cm, which is a 12% increase in a

few years’ time.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Total Dissolved Solids (TDS) mg/|
Existing Water Quality (Table 2N):

Median 180 mg/I

Lower 95% Confidence Interval 161 mg/|

Upper 95% Confidence Interval 194 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

n

Rank sum Mean rank

46
17

1737 BCP Cooks EWQ.
1737 BCP Cooks Post

11.63
11.63
1
0.0006

H statistic

X2 approximation
DF

p-value

HO:8,= 6, =6...

The median of the populations

H1:6,# 6 foratleastone i

1052.2 22.87
2847.1 167.47

are all equal

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident here. TDS

apparently declined between the two periods.

Uncertainty was introduced into comparisons by

potential laboratory artifacts and insufficient post-EWQ

sampling frequency. EWQ TDS is unrelated to flow
though TDS was designated in the rules as flow related.
Post-EWQ TDS is inversely related to flow though the
regression is driven by a single high-flow sample. Post-
EWQ median TDS fell below the EWQ lower 95% lower
confidence interval. Post-EWQ TDS was much less

variable than the baseline samples as well. Post-EWQ

detection limits were lower than EWQ detection limits,

though there were no non-detect results at any time.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Total Suspended Solids (TSS) mg/|
Existing Water Quality (Table 2N):

Median 2.5 mg/I

Lower 95% Confidence Interval 2.0 mg/I

Upper 95% Confidence Interval 4.0 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

Rank sum

Mean rank

1737 BCP Cooks EWQ
1737 BCP Cooks Post

17

1.05
1.05

H statistic

X2 approximation
DF

p-value

HO: 8, =6, = 6.

The median of the populations are all equal.

H1:8,# 6 for at least one i j

The median of the populations are notall equal.

Do not reject the null hypothesis

94.7
256.2

2.06
15.07

a1t the 5% significance lev

No water quality degradation is evident here. TSS did

not measurably change between the EWQ and post-

EWQ periods. Uncertainty was introduced into

comparisons by potential laboratory artifacts and

insufficient post-EWQ sampling frequency. TSS is

positively related to flow in both data sets. Post-EWQ
median TSS fell within the EWQ 95% confidence
intervals. Both flow and concentration are plotted on a

logarithmic scale.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Turbidity NTU
Existing Water Quality (Table 2N):

Median 1.5 NTU

Lower 95% Confidence Interval 1.1 NTU

Upper 95% Confidence Interval 2.3 NTU

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP

ost n Rank sum Mean rank

47 2.8 0.06
16 83 0.52

1737 BCP Cooks EWQ
1737 BCP Cooks Post

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, forat least one i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5

No water quality degradation is evident here. Turbidity
did not measurably change between the EWQ and post-
EWQ periods. Uncertainty was introduced into
comparisons by insufficient post-EWQ sampling
frequency. Post-EWQ median turbidity fell within the
EWQ 95% confidence intervals of the median. Turbidity
is positively related to flow in both data sets. Both
concentration and flow is represented on logarithmic
scale, and the regression is a power relationship.

Delaware River Basin Commission
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Chapter 13: 1737 BCP Cooks Creek, PA
Water Temperature, degrees C

Not included in DRBC Existing Water Quality rules

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1737 BCP Cooks EWQ
1737 BCP Cooks Post

n Rank sum Mean rank
47 403 0.86
14 135.2 9.65

0.56
0.56

1
0.4556

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, forat least one i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance leve

No water quality degradation is evident here. Water
temperature did not measurably change between the
EWQ and post-EWQ periods. Uncertainty was

introduced into comparisons by insufficient post-EWQ

sampling frequency. Water temperature is unrelated to
flow in the EWQ data set, but weakly and inversely
related to flow in the post-EWQ data set. Flows is
plotted on a logarithmic scale.
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Chapter 14: 1746 BCP Musconetcong River, Hunterdon, Warren, Sussex and Morris Counties, NJ

Delaware River Basin Commission Musconetcong River, NJ - Page 1



Analysis of flow differences between the EWQ and post-
EWQ periods:

Flow was roughly the same between the EWQ and post-
EWQ periods. Fewer samples were collected in the
post-EWQ period. The range of flow conditions sampled
was wider in the post-EWQ period, but there were
fewer samples taken during low-flow conditions.

Kruskal-Wallis test

Flow cfs by
Monloc_ShortSite_PreP
ost

1746 BCP Musco EWQ
1746 BCP Musco Post

n Rank sum Mean rank
48 94.9 1.98
29 157.1 5.42

0.50
0.50

1
0.4779

H statistic
X2 approximation
DF

pvalue

HO: 8, = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, forat least one i j

The median of the populations are notall equal.
Do not reject the null hypoth. a1t the

The 155.9 square mile Musconetcong River watershed
is a large tributary to the Delaware River, and has been
designated in the federal Wild and Scenic River system.
The watershed is about 58% forested, and contains
11.3% urban land cover — one of the more urbanized
watersheds in the Lower Delaware. The watershed is
about 25% underlain by carbonate bedrock, and about
48% influenced by glacial activity. There are numerous
municipal and industrial dischargers in the watershed,
and significant agriculture in the valley. Human activity
in the watershed is sufficiently complex that the
Musconetcong is a good candidate for construction of a
watershed water quality model to assess cumulative
effects, particularly since the Musconetcong presently
deteriorates downstream Delaware River water quality.

Delaware River Basin Commission

Annual May to September flow statistics associated
with water quality measurements are plotted above.
These are flow measurements or sometimes estimates
associated with the time of each water quality sample.
Mean annual flow is about 302 cfs; and harmonic mean
flow is about 187 cfs (USGS Stream Stats retrieval, Feb.
2014) which is more typical of summer flow conditions.
Though a wide range of flows were sampled by DRBC,
these data appear to be most representative of low to
normal flow conditions. Flows corresponding to each
water quality sample were estimated using
instantaneous data from the USGS gage No. 01457000
on the Musconetcong River near Bloomsbury times a
drainage area weighting factor.

Upstream ICP: Delaware River at Riegelsville 1748 ICP
Downstream ICP: Delaware River at Milford 1677 ICP

Musconetcong River, NJ - Page 2



Chapter 14: 1746 BCP Musconetcong River, NJ
Alkalinity as CaCO3, Total mg/I
Existing Water Quality (Table 2M):

Median 103 mg/I

Lower 95% Confidence Interval 97 mg/I

Upper 95% Confidence Interval 118 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

n Rank sum Mean rank

48 1125 234
33 163.7 4.96

1746 BCP Musco EWQ
1746 BCP Musco Post

0.50
0.50

1
0.4796

H statistic

X2 approximation
DF

p-value

HO:8,= 6, =6..
The median of the populations are all equal.
H1:6,# 6 foratleastone i j

The median of the populations are notall equal.
Do not reject the null hypothesis at the 5

No water quality degradation is evident here. Alkalinity
did not measurably change between the EWQ and post-
EWQ periods. Uncertainty was introduced into
comparisons by potential laboratory artifacts. Alkalinity
is inversely related to flow in both data sets. Post-EWQ
median alkalinity fell within EWQ 95% confidence
intervals. Flow is plotted on a logarithmic scale.
Limestone-influences are apparent at these alkalinity
concentrations.

Delaware River Basin Commission
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Chapter 14: 1746 BCP Musconetcong River, NJ
Ammonia Nitrogen as N, Total mg/I
Existing Water Quality (Table 2M):

Median 0.06 mg/I
Lower 95% Confidence Interval 0.05 mg/|
Upper 95% Confidence Interval 0.08 mg/I

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

n Rank sum Mean rank

No water quality degradation is evident here. Ammonia
concentrations apparently declined. Uncertainty was
introduced into comparisons by potential laboratory
artifacts and declining detection limits. Post-EWQ
median ammonia concentration was below the EWQ
lower 95% confidence interval. New Jersey and USGS
data were available and validated these results.

40 9625.5 240.64
32 12031.9 376.00

1746 BCP Musco EWQ
1746 BCP Musco Post

49.63
49.63

1
<0.0001

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, forat least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Flow is plotted on a logarithmic scale. DRBC’s post-
EWQ detection limit was much lower than during the
EWQ period. EWQ data possessed 12/40 undetected
results out of 40 samples at detection limits of 0.02-0.05
mg/l. 2009-2011 detection levels were 0.004-0.006
mg/l, and there were still 5/32 undetected results. So
rather than a real change in ambient concentrations
data may show actual low-level concentrations.
Evidence of water quality improvement is possible as
post-EWQ DRBC, NJDEP and USGS data contained no
concentrations over 0.035 mg/I.

Delaware River Basin Commission
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Chapter 14: 1746 BCP Musconetcong River, NJ
Chloride, Total mg/I
Existing Water Quality (Table 2M):

Median 43 mg/I
Lower 95% Confidence Interval 42 mg/I
Upper 95% Confidence Interval 45 mg/|

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

Rank sum Mean rank

40
33

1746 BCP Musco EWQ
1746 BCP Musco Post

25.44

25.44

1
<0.00011!

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.

5175.6 129.39
6273.5 190.11

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Water quality degradation is evident here. Chloride
concentrations apparently rose by about 11 mg/I

between the two periods, a 25% increase. Uncertainty

was introduced into comparisons by potential

laboratory artifacts.

Post-EWQ median concentration

rose above the EWQ upper 95% confidence interval.

Chloride concentration is unrelated to flow in this data

set. Note that flow is plotted on a logarithmic scale.
NJDEP and USGS data validated this conclusion.

Delaware River Basin Commission

Musconetcong River, NJ - Page 5




Chapter 14: 1746 BCP Musconetcong River, NJ
Dissolved Oxygen (DO) mg/I
Existing Water Quality (Table 2M):

Median 9.10 mg/I
Lower 95% Confidence Interval 8.90 mg/|
Upper 95% Confidence Interval 9.60 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

1746 BCP Musco EWQ
1746 BCP Musco Post

X? approximation

47 414.0 8.81
29 671.0 23.14

223
223

H statistic

DF
p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal

Do not reject the nu s atthe 5

No water quality degradation is evident here. No
measurable change took place between the EWQ and
Post-EWQ periods. Post-EWQ median DO
concentration fell within the EWQ 95% confidence
intervals. DO concentration is unrelated to flow in both
data sets. Note that flow is plotted on a logarithmic

scale.

Delaware River Basin Commission
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Chapter 14: 1746 BCP Musconetcong River, NJ
Dissolved Oxygen Saturation %
Existing Water Quality (Table 2M):

Median 99%
Lower 95% Confidence Interval 97%
Upper 95% Confidence Interval 100%

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

n Rank sum Mean rank

47 210.6 4.48
29 341.4 11.77

1746 BCP Musco EWQ
1746 BCP Musco Post

113
113

H statistic
X2 approximation
DF

pvalue 0.28731

HO:0,=6,=6..
The median of the populations are all equal.
H1:0,#6,for atleast one i j

The median of the populations are notall equal.

" Do not reject the null hypothesis at the 5% signific

No water quality degradation is evident here. Dissolved
Oxygen Saturation is unrelated to flow, and did not
measurably change between the EWQ and post-EWQ
periods. Post-EWQ median DO saturation increased
above the upper EWQ 95% confidence interval but the
increase was not significant. Anincrease in DO
saturation would represent a water quality
improvement anyway.

Delaware River Basin Commission
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Chapter 14: 1746 BCP Musconetcong River, NJ
Enterococcus colonies/100 ml
Existing Water Quality (Table 2M):

Median 210/100 ml
Lower 95% Confidence Interval 150/100 ml
Upper 95% Confidence Interval 360/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum

Mean rank

45 1947.0
33 2655.0

1746 BCP Musco EWQ
1746 BCP Musco Post

8.97

8.97

1
0.00271

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal

43.27
80.46

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident here.
Enterococci apparently declined between the EWQ and

Post-EWQ periods. Uncertainty was introduced into

comparisons by potential laboratory artifacts.

Enterococcus concentrations are unrelated to flow in

both data sets. Note that concentrations and flows are

plotted on a logarithmic scale, and the regression is a

power relationship. Post-EWQ median enterococcus

concentrations fell below the lower EWQ 95%

confidence interval.

Delaware River Basin Commission
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Chapter 14: 1746 BCP Musconetcong River, NJ
Escherichia coli colonies/100 ml
Existing Water Quality (Table 2M):

Median 125/100 ml
Lower 95% Confidence Interval 70/100 ml
Upper 95% Confidence Interval 240/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1746 BCP Musco EWQ 40 1139 2.85
1746 BCP Musco Post 32 1424 4.45

0.59
0.59

H statistic

X? approximation
1
0.4442

DF
p-value
HO: 8, = 6, = 6.

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal
Do not reject the null hypothesis at the 5% sign

Post-EWQ median E. coli fell within the EWQ 95%
confidence intervals. Note that concentrations and

] o _ flows are plotted on a logarithmic scale. E. coli
No water quality degradation is evident here. E. coli

concentrations did not measurably change between the
EWQ and Post-EWQ periods. Uncertainty was
introduced into comparisons by potential laboratory

concentrations are unrelated to flow in the EWQ data
set, but positively related to flow in the post-EWQ data
set. New Jersey DEP and USGS data validated results

and were virtually identical with DRBC data.
artifacts.
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Chapter 14: 1746 BCP Musconetcong River, NJ
Fecal coliform colonies/100 ml
Existing Water Quality (Table 2M):

Median 270/100 ml
Lower 95% Confidence Interval 190/100 ml
Upper 95% Confidence Interval 400/100 ml

Delaware River Basin Commission

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1746 BCP Musco EWQ!
1746 BCP Musco Post

n Rank sum Mean rank
45 2813 6.25
33 3835 11.62

1.30
130

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal
Do not reject the null hypoth at the 5

No water quality degradation is evident here. Fecal
coliform concentrations did not measurably change
between the EWQ and post-EWQ periods. Uncertainty
was introduced into comparisons by potential
laboratory artifacts. Four sample results were
truncated at upper quantification levels by the
laboratory, but these did not interfere with
comparisons. Fecal coliform concentrations are
unrelated to flow in both data sets. Post-EWQ median
concentrations were within the EWQ 95% confidence
intervals. Note that concentrations and flows are
plotted on a logarithmic scale. NJDEP and USGS data
validated DRBC results.

Musconetcong River, NJ - Page 10



Chapter 14: 1746 BCP Musconetcong River, NJ
Hardness as CaCO3, Total mg/I
Existing Water Quality (Table 2M):

Median 149 mg/|

Lower 95% Confidence Interval 130 mg/|

Upper 95% Confidence Interval 160 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

Rank sum Mean rank

48
33

1746 BCP Musco EWQ
1746 BCP Musco Post

0.85
0.85

1
0.3559

H statistic

X2 approximation
DF

p-value

HO: 8, = 8, = 6.

192.0 4.00
279.3 8.46

The median of the populations are all equal.

H1:8,# 6 for at least one i j

The median of the populations are notall equal.

Do not reject the null hypothe

s atthe 5

No water quality degradation is evident here. Hardness
did not measurably change between the EWQ and post-
EWQ periods. Uncertainty was introduced into
comparisons by potential laboratory artifacts. Hardness
is inversely related to flow in both data sets. Post-EWQ
median hardness fell within the EWQ 95% confidence
intervals. Flow is plotted on a logarithmic scale. USGS
data validated DRBC results. These hardness
concentrations reflect limestone influences.

Delaware River Basin Commission
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Chapter 14: 1746 BCP Musconetcong River, NJ
Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (Table 2M, as Nitrate only):

Median 2.09 mg/I
Lower 95% Confidence Interval 1.85 mg/|
Upper 95% Confidence Interval 2.30 mg/I

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

Rank sum

Mean rank

No water quality degradation is evident here. Nitrate
concentrations, somewhat high in the Musconetcong,
apparently did not change between the EWQ and post-
EWQ periods. Uncertainty was introduced into
comparisons by potential laboratory artifacts.

46
33

1746 BCP Musco EWQ
1746 BCP Musco Post

0.07
0.07

1
0.7960

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, forat least one i j

The median of the populations are notall equal.

Do not reject the null hypothesis

14.7
20.5

atthe 5

032
0.62

Both data sets are inversely related to flow. EWQ and
post-EWQ data distributions were nearly identical.
Post-EWQ nitrate + nitrite concentrations were

assumed equivalent for comparison with EWQ nitrate

concentrations since EWQ nitrite concentrations were

never detected. Independent data were not available
for validation of results (USGS measures dissolved
instead of total nitrate). At other sites where
concentrations are lower data interpretation was

problematic due to changing detection limits.

Concentrations are sufficiently high in the

Musconetcong River that no such problems arose.

Delaware River Basin Commission
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Chapter 14: 1746 BCP Musconetcong River, NJ
Nitrogen as N, Total (TN) mg/|
Existing Water Quality (Table 2M):

Median 2.56 mg/I
Lower 95% Confidence Interval 2.36 mg/|
Upper 95% Confidence Interval 2.91 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

40 902.5 22.56
33 1093.9 33.15

1746 BCP Musco EWQ
1746 BCP Musco Post

4.43

4.43

1
0.03521

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident here. Total
Nitrogen concentrations apparently declined between
the EWQ and post-EWQ periods. Uncertainty was
introduced into comparisons by potential laboratory
artifacts. TN is weakly related to flow in the EWQ data,
but inversely related to flow in the post-EWQ data.
USGS data displayed a similar decline but were too few
in number for statistical significance. Post-EWQ median
TN concentrations fell below the EWQ lower 95%
confidence intervals, possibly indicating a water quality
improvement. Musconetcong River Total Nitrogen
concentrations remain among the highest in
comparison with other Delaware River tributaries.

Delaware River Basin Commission
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Chapter 14: 1746 BCP Musconetcong River, NJ
Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality (Table 2M):

Median 0.49 mg/I
Lower 95% Confidence Interval 0.37 mg/I
Upper 95% Confidence Interval 0.87 mg/I

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

n

Rank sum Mean rank

40
33

1746 BCP Musco EWQ
1746 BCP Musco Post

14.54
14.54
1

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.

0.0001*

2958.4 73.96
3585.9 108.66

The median of the populations are all equal.

H1:6,# 6, forat least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident here. TKN
concentrations apparently declined between the EWQ
and post-EWQ periods. Uncertainty was introduced into
comparisons by potential laboratory artifacts. The post-
EWQ range was far narrower and all concentrations
were less than 0.75 mg/l. TKN concentration is
unrelated to flow in both data sets. Post-EWQ median
TKN fell below the lower EWQ 95% confidence interval.
There were insufficient USGS data to confirm DRBC

results.

Delaware River Basin Commission
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Chapter 14: 1746 BCP Musconetcong River, NJ
Orthophosphate as P, Total mg/|
Existing Water Quality (Table 2M):

Median 0.02 mg/I
Lower 95% Confidence Interval 0.02 mg/|
Upper 95% Confidence Interval 0.03 mg/I

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

n Rank sum Mean rank

No water quality degradation is evident here.
Orthophosphate concentrations apparently declined
between the EWQ and post-EWQ periods. Uncertainty
was introduced into comparisons by potential
laboratory artifacts and detection limit differences.

41 5892.0 143.71
33 73204 221.83

1746 BCP Musco EWQ
1746 BCP Musco Post

28.96

28.96

1
<0.0001*

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, forat least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Orthophosphate is weakly related to flow in both data
sets. Post-EWQ median orthophosphate fell below the
EWQ lower 95% confidence interval. This has little to do
with the improvement in detection limits because there
were only 4 non-detect results in the EWQ data. A
possible water quality improvement is indicated in that
there were no post-EWQ concentrations higher than
0.03 mg/I, though this may be a laboratory artifact.
Post-EWQ orthophosphate also ranged much less
widely than EWQ data. There were no independent
data to confirm DRBC results.

Delaware River Basin Commission
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Chapter 14: 1746 BCP Musconetcong River, NJ
pH
Existing Water Quality (Table 2M):

Median 7.90 standard units

Lower 95% Confidence Interval 7.80* standard units
Upper 95% Confidence Interval 8.00 standard units
* Typographical error (7.90) in regulations

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

48 27.8 0.58
29 45.9 1.58

1746 BCP Musco EWQ
1746 BCP Musco Post

0.15
0.15

1
0.7009

H statistic

X? approximation
DF

p-value

No water quality degradation is evident here. pH did
not measurably change between the EWQ and post-
EWQ periods. pH is unrelated to flow in both data sets.
Post-EWQ median pH was above the upper EWQ 95%
confidence interval, but the result was not statistically
significant. In 2010 there was one spike above pH 9,
indicating high algal productivity during that dry

sampling period. USGS data confirm these results.

Delaware River Basin Commission
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Chapter 14: 1746 BCP Musconetcong River, NJ
Phosphorus as P, Total (TP) mg/I
Existing Water Quality (Table 2M):

Median 0.07 mg/I
Lower 95% Confidence Interval 0.05 mg/|
Upper 95% Confidence Interval 0.09 mg/I

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

n Rank sum Mean rank

41 8106.2 197.71
33 10071.3 305.19

1746 BCP Musco EWQ
1746 BCP Musco Post

39.38

39.38

1
<0.0001*

H statistic

X2 approximation
DF

p-value

HO: 6,26, = 6.
The median of the populations are all equal.

H1:6,# 6 for at leastone i j

The median of the populations are notall equal.

*Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident here. Total
Phosphorus (TP) concentrations apparently declined
between the EWQ and post-EWQ periods. No water
quality degradation is evident here. Uncertainty was
introduced into comparisons by potential laboratory
artifacts and detection limit differences. Post-EWQ
median total phosphorus fell below the EWQ lower 95%
confidence interval. TP is weakly related to flow in both
data sets. USGS data confirm DRBC results, though not
strongly. Some decline in concentrations is shown in
USGS data, but only the DRBC post-EWQ data line up
with USGS results. It appears that, in the EWQ period,
DRBC results were more variable than USGS data.

Delaware River Basin Commission
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Chapter 14: 1746 BCP Musconetcong River, NJ
Specific Conductance umho/cm
Existing Water Quality (Table 2M):

Median 396 umho/cm

Lower 95% Confidence Interval 375 umho/cm
Upper 95% Confidence Interval 426 umho/cm
Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

48 4246.9 88.48
29 7029.4 242.39

1746 BCP Musco EWQ
1746 BCP Musco Post

22.53

22.53

1
<0.00011!

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Water quality degradation is evident here. Specific
conductance rose by 58 umho/cm; well above the EWQ
upper 95% confidence interval. Specific conductance is
inversely related to flow in both data sets. The rise in
specific conductance may be partially attributable to
the concurrent rise in chloride concentrations. Median
specific conductance has risen from 396 to 454
umhos/cm; a 15% increase in a few years’ time. Further
investigation is recommended, as 454 umho/cm is high
even for limestone streams in the region. USGS data
confirm DRBC results.

Delaware River Basin Commission
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Chapter 14: 1746 BCP Musconetcong River, NJ
Total Dissolved Solids (TDS) mg/|
Existing Water Quality (Table 2M):

Median 255 mg/I

Lower 95% Confidence Interval 240 mg/|

Upper 95% Confidence Interval 270 mg/I

Defined in regulations as a flow-related parameter

No water quality degradation is evident here. TDS
apparently declined between the EWQ and post-EWQ
periods. Uncertainty was introduced into comparisons
by potential laboratory artifacts.

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

1746 BCP Musco EWQ
1746 BCP Musco Post

n Rank sum Mean rank
47 3261.1 69.39
33 4644.6 140.75

14.67
14.67
1
0.000%

H statistic

X2 approximation
DF

p-value

HO:6, =6, = 6...

The median of the populations are all equal
H1:6,# 6, foratleastone i,j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

TDS is unrelated to flow in the EWQ data set, though it
was designated in the rules as flow related. TDS was
inversely related to flow in the post-EWQ data set.
Post-EWQ median TDS fell below the EWQ lower 95%
lower confidence interval, and was much less variable
than the baseline samples as well. Post-EWQ detection
limits were lower than EWQ detection limits, though
there were no non-detect results at any time. USGS
data ranged similarly with DRBC data, but the decline
was not evident. The USGS TDS slightly increased,
which is logical given the increases in chlorides and
specific conductance. DRBC EWQ data were more
variable, so perhaps the decline shown in these results
is a laboratory artifact rather than a real water quality
improvement.

Delaware River Basin Commission

Musconetcong River, NJ - Page 19



Chapter 14: 1746 BCP Musconetcong River, NJ
Total Suspended Solids (TSS) mg/|
Existing Water Quality (Table 2M):

Median 7.0 mg/I

Lower 95% Confidence Interval 5.5 mg/I

Upper 95% Confidence Interval 11.0 mg/I

Should have been designated in rules as flow-related

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

n Rank sum Mean rank

47 379.2 8.07
33 540.1 16.37

1746 BCP Musco EWQ
1746 BCP Musco Post

170
1.70

H statistic

X2 approximation
DF

p-value

1
0.1919*

HO: 8, =8,=6...

The median of the populations are all equal.
H1:8,# 6 forat least one i j

The median of the populations are notall equal

Do not reject the null hypothesis at the 5

No water quality degradation is evident here. TSS did
not measurably change between the EWQ and post-
EWQ periods. Uncertainty was introduced into
comparisons by potential laboratory artifacts. TSS is
positively related to flow in both data sets. Post-EWQ
median TSS fell within the EWQ 95% confidence
intervals, though post-EWQ median TSS was near the
lower EWQ 95% confidence interval. Both flow and
concentration are plotted on a logarithmic scale, and
the regression is a power relationship. USGS data were
too few for trend evaluation, but closely resembled
DRBC results.

Delaware River Basin Commission
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Chapter 14: 1746 BCP Musconetcong River, NJ
Turbidity NTU
Existing Water Quality (Table 2M):

Median 3.5 NTU

Lower 95% Confidence Interval 2.3 NTU

Upper 95% Confidence Interval 5.4 NTU

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP

ost n Rank sum Mean rank

48 438.0 9.13
30 700.8 23.36

1746 BCP Musco EWQ
1746 BCP Musco Post

222

222

1
0136

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, forat least one i j

The median of the populations are notall equal.

Do not reject the null hypothesis at the 5

No water quality degradation is evident here. Turbidity
did not measurably change between the EWQ and post-
EWQ periods. The post-EWQ median turbidity fell
within the EWQ 95% confidence intervals of the
median. Turbidity is positively related to flow in both
data sets. Both concentration and flow are presented
on logarithmic scale, and the regression is a power
relationship. There were very few USGS data available
for comparison with DRBC results, but USGS and DRBC
results ranged similarly.
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Musconetcong River, NJ - Page 21



Chapter 14: 1746 BCP Musconetcong River, NJ
Water Temperature, degrees C

Not included in DRBC Existing Water Quality rules

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1746 BCP Musco EWQ!
1746 BCP Musco Post,

n Rank sum Mean rank
48 161.3 336
29 267.0 9.21

0.86
0.86

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal
Do not reject the null hypothesis at the 5% significan

No water quality degradation is evident here. Water
temperature did not measurably change between the
EWQ and post-EWQ periods. Water temperature is
unrelated to flow in both data sets. Flows are plotted
on a logarithmic scale. DRBC data did not differ from
NJDEP and USGS results, though there were more DRBC
data in the May to September period.

Delaware River Basin Commission Musconetcong River, NJ - Page 22



Chapter 15: 1748 ICP Delaware River at Riegelsville
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Analysis of flow differences between the EWQ and post-
EWQ periods:

Flow was roughly the same between the EWQ and post-
EWQ periods. Too few samples were collected in the
post-EWQ period (n=13) for confident statistical
comparisons. The range of flow conditions sampled was
wider in the EWQ period, and the EWQ data
represented the full range of flow conditions better
than the post-EWQ data.

Kruskal-Wallis test

Flow cfs by
MonLoc_ShortSite_PreP
ost

n Rank sum Mean rank

1748 ICP DRRiegel EWQ 50 29 0.06

1748 ICP DRRiegel Post 13 111 0.85

0.04
0.04

H statistic

X? approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypothesis at the 5!

Upstream ICP: Delaware River at Easton 1838 ICP
Downstream ICP: Delaware River at Milford 1677 ICP

Tributary BCP Watersheds in Upstream Reach:

Lehigh River, PA — 1837 BCP
Lopatcong Creek, NJ — 1820 BCP (see Appendix A)
Pohatcong Creek, NJ — 1774 BCP

All other tributaries are less than 20 square miles
drainage area and have little effect upon the Delaware
River.

Delaware River Basin Commission

Annual May to September flow statistics associated
with water quality measurements are plotted above.
These are flow measurements or sometimes estimates
associated with the time of each water quality sample.
Mean annual flow is about 9,000 cfs; and harmonic
mean flow is about 5,000 cfs which is more typical of
summer flow conditions. Though a wide range of flows
were sampled by DRBC, these data appear to be most
representative of low to normal flow conditions. Flows
corresponding to each water quality sample were
calculated using instantaneous water stage data from
the USGS gage No. 01457500 on the Delaware River at
Riegelsville.
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Alkalinity as CaCO3, Total mg/I
Existing Water Quality (Table 2L):

Median 42 mg/I

Lower 95% Confidence Interval 36 mg/I

Upper 95% Confidence Interval 48 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP

ost n Rank sum Mean rank

1748 ICP DRRiegel EWQ 50 0.0 0.00

1748 ICP DRRiegel Post 16 0.0 0.00

0.00
0.00

H statistic
X2 approximation
DF

pvalue

HO: 8 = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth atthe ¢

No water quality degradation is evident here. Alkalinity
apparently did not measurably change between the
EWQ and post-EWQ periods. Uncertainty was
introduced into comparisons by potential laboratory
artifacts and insufficient post-EWQ sampling frequency.
Alkalinity is inversely related to flow in both data sets.
Post-EWQ median alkalinity fell within EWQ 95%
confidence intervals. Flow is plotted on a logarithmic
scale. One outlier value of 180 mg/l was removed from
the data set (sample taken 5/22/2000). The full flow
regime was not well-represented in the post-EWQ data
set, as noted by the short regression line in the flow vs.
concentration plot.

Delaware River Basin Commission
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Ammonia Nitrogen as N, Total mg/I
Existing Water Quality (Table 2L):

Median <0.05 mg/|
Lower 95% Confidence Interval <0.05 mg/I
Upper 95% Confidence Interval 0.05 mg/I

No water quality degradation is evident here. Ammonia
concentrations apparently declined. Uncertainty was
introduced into comparisons by potential laboratory
artifacts, detection limit differences and insufficient
post-EWQ sampling frequency. Post-EWQ median
ammonia concentration was below the EWQ lower 95%
confidence interval.

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

n Rank sum Mean rank

1748 ICP DRRiegel EWQ! 44 12551 28.53

1748 ICP DRRiegel Post 16 34516 215.72
15.90
15.90
1
<0.0001

H statistic
X2 approximation
DF

pvalue

HO: 8 = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

Too few independent data were available to validate
these results. Flow and concentration are plotted on a
logarithmic scale. DRBC’s post-EWQ detection limit
(0.004-0.006 mg/l) was much lower than during the
EWQ period (0.02-0.05 mg/l). EWQ data included 29/44
undetected results, interfering with calculation of the
median. Under 2009-2011 lower detection levels, there
were 3/16 undetected results. So rather than a real
change in ambient concentrations it is likely that we are
now able to measure actual low-level concentrations.
Evidence of possible water quality improvement is that
post-EWQ DRBC and USGS data contained no
concentrations higher than 0.054 mg/I.

Delaware River Basin Commission
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Chloride, Total mg/I
Existing Water Quality (Table 2L):

Median 17 mg/I

Lower 95% Confidence Interval 15 mg/I

Upper 95% Confidence Interval 19 mg/|

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP

ost n Rank sum Mean rank

1748 ICP DRRiegel EWQ! 40 636.0 15.90

1748 ICP DRRiegel Post 16 1590.0 99.38
8.40
8.40
1
0.0038

H statistic
X2 approximation
DF

pvalue

HO: ;= 6, = 6.

The median of the populations are all equal.

H1:6,# 6 for at leastone i j

The median of the populations are notall equal.

*Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

Water quality degradation is evident here. Chloride
concentrations apparently rose by about 3 mg/I
between the two periods. Uncertainty was introduced
into comparisons by potential laboratory artifacts and
insufficient post-EWQ sampling frequency. Post-EWQ
median concentration rose above the EWQ upper 95%

confidence interval. Chloride concentration is related
to flow in the EWQ data, but unrelated to flow in the
post-EWQ data due to insufficient data (n=16). Note
that flow is plotted on a logarithmic scale. No other
data were available to validate this conclusion.
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Dissolved Oxygen (DO) mg/I
Existing Water Quality (Table 2L):

Median 8.80 mg/I
Lower 95% Confidence Interval 8.20 mg/|
Upper 95% Confidence Interval 9.05 mg/I

Kruskal-Wallis test

MonLoc_ShortSite_PreP

ost

Result Measure by
n Rank sum Mean rank

1748 ICP DRRiegel EWQ 49 15 0.03
1748 ICP DRRiegel Post 13 5.6 043
H statistic 0.02
X*approximation 0.02
DF 1
p-value 0.8831
H0: 8, =6, =6..

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth atthe ¢

No water quality degradation is evident here. No
measurable change took place between the EWQ and
Post-EWQ periods. Uncertainty was introduced into
comparisons by insufficient post-EWQ sampling
frequency. Post-EWQ median DO concentration fell
within the EWQ 95% confidence intervals. DO
concentration is unrelated to flow in both data sets.
Flow is plotted on a logarithmic scale. One 2011 sample
result was less than 6 mg/l, which might have been a
measurement probe malfunction. However, there are
treatment plants upstream that historically had
problems, so the low result might have been a sporadic
pollution event.

Delaware River Basin Commission
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Dissolved Oxygen Saturation %
Existing Water Quality (Table 2L):

Median 97%
Lower 95% Confidence Interval 95%
Upper 95% Confidence Interval 98%

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

n Rank sum Mean rank

1748 1CP DRRiegel EWQ 49 335 0.68

1748 ICP DRRiegel Post: 13 126.2 9.71

0.49
0.49

H statistic

X* approximation
DF

p-value

H0: 8, =6, =6,

The median of the populations are all equal.

H1:6,# 6, foratleastone i ]

The median of the populations are notall equal.
treject the null hypothesis at the 5

No water quality degradation is evident here. DO
Saturation is unrelated to flow, and apparently did not
measurably change between the EWQ and post-EWQ
periods. Uncertainty was introduced into comparisons
by insufficient post-EWQ sampling frequency. Post-
EWQ median DO saturation fell within the EWQ 95%
confidence intervals. There was one low saturation
value of 71.3% found in August 2011 that possibly was a
probe malfunction. However, USGS data contain
multiple readings around 80%. This site historically had
problems with an oxygen deficit due to uncontrolled
upstream wastewater treatment. Such problems are no
longer frequent. Biweekly instead of monthly sampling
is recommended here.

Delaware River Basin Commission

Delaware River at Riegelsville - Page 7



Chapter 15: 1748 ICP Delaware River at Riegelsville
Enterococcus colonies/100 ml
Existing Water Quality (Table 2L):

Median 80/100 ml
Lower 95% Confidence Interval 52/100 ml
Upper 95% Confidence Interval 110/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
n

ost Rank sum Mean rank

1748 ICP DRRiegel EWQ 45 56.7 1.26
1748 ICP DRRiegel Post 16 159.4 9.96

X*approximation 0.69
DF 1

H statistic 0.69
p-value 0.4075

HO: 8 = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth atthe

No water quality degradation is evident here.
Enterococci apparently did not measurably change
between the EWQ and Post-EWQ periods. Uncertainty
was introduced into comparisons by potential
laboratory artifacts and insufficient post-EWQ sampling
frequency. Enterococcus concentrations are unrelated
to flow in both data sets. Concentrations and flows are
plotted on a logarithmic scale, and the regression is a
power relationship. Post-EWQ median enterococcus
concentrations fell within the EWQ 95% confidence
intervals.

Delaware River Basin Commission
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Escherichia coli colonies/100 ml
Existing Water Quality (Table 2L):

Median 40/100 ml

Lower 95% Confidence Interval 20/100 ml

Upper 95% Confidence Interval 80/100 ml

Defined in regulations as a flow-related parameter

No water quality degradation is evident here. Median
E. coli concentrations increased but did not measurably
change between the EWQ and Post-EWQ periods.
Uncertainty was introduced into comparisons by
potential laboratory artifacts and insufficient post-EWQ
sampling frequency. Post-EWQ median E. coli rose
above the upper EWQ 95% confidence interval, but
there were too few samples for statistical difference.

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
n

ost Rank sum Mean rank

1748 ICP DRRiegel EWQ‘ 40 184.9 4.62

1748 ICP DRRiegel Post 15 493.1 32.87

X2 approximation 264
DF

H statistic 2.64
p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth tthe 5

Concentrations and flows are plotted on a logarithmic
scale. E. coli concentrations are related to flow in the
EWQ data set, but unrelated to flow in the post-EWQ
data set — probably because of the narrower range of
flow conditions sampled. New Jersey DEP and USGS
data were available but too few in number to fully
validate DRBC data.

Delaware River Basin Commission
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Fecal coliform colonies/100 ml
Existing Water Quality (Table 2L):

Median 84/100 ml

Lower 95% Confidence Interval 54/100 ml

Upper 95% Confidence Interval 160/100 ml

Defined in regulations as a flow-related parameter*

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
n

ost Rank sum Mean rank

*Fecal coliform were erroneously identified in DRBC
water quality regulations as flow-related. The
relationship to flow does not hold true at Riegelsville,
and the language should be removed from Table 2L.

1748 ICP DRRiegel EWQ 45 39.2 0.87
1748 ICP DRRiegel Post 16 1103 6.89
H statistic 047
X*approximation 0.47
DF 1
p-value 0.4909
HO0:6,=6,=6...

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth atthe ¢

No water quality degradation is evident here. Fecal
coliform concentrations apparently did not measurably
change between the EWQ and post-EWQ periods.
Uncertainty was introduced into comparisons by
potential laboratory artifacts and insufficient post-EWQ
sampling frequency. Post-EWQ data contained fewer
high results and were not fully representative of flow
conditions. Fecal coliform concentrations are unrelated
to flow in both data sets. Post-EWQ median
concentrations were within the EWQ 95% confidence
intervals. NJDEP and USGS data showed a statistically
significant decline in concentrations, and validated
DRBC results.
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Hardness as CaCO3, Total mg/I
Existing Water Quality (Table 2L):

Median 65 mg/I

Lower 95% Confidence Interval 54 mg/I

Upper 95% Confidence Interval 70 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP

ost n Rank sum Mean rank

1748 ICP DRRiegel EWQ 50 0.2 0.00
1748 ICP DRRiegel Post 16 0.6 0.04
H statistic 0.00
X2 approximation 0.00
DF 1
p-value 42
HO0:6,=6,=6..

The median of the populations are all equal.
H1:6,# 6 foratleastone i

The median of the populations are not all equal.
Do not reject the null hypoth. tthe 5

No water quality degradation is evident here. Hardness
apparently did not measurably change between the
EWQ and post-EWQ periods. Uncertainty was
introduced into comparisons by potential laboratory
artifacts and insufficient post-EWQ sampling frequency.
Hardness is inversely related to flow in both data sets,
though weakly so in the EWQ data. Post-EWQ median
hardness fell within the EWQ 95% confidence intervals.
Flow is plotted on a logarithmic scale. USGS data were
available for comparison with DRBC results, and
validated DRBC conclusions.

Delaware River Basin Commission
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (Table 2L, as Nitrate only):

Median 1.17 mg/I
Lower 95% Confidence Interval 1.02 mg/|
Upper 95% Confidence Interval 1.23 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
n

ost Rank sum Mean rank

No water quality degradation is evident here. Nitrate
concentrations apparently declined between the EWQ
and post-EWQ periods. Uncertainty was introduced
into comparisons by potential laboratory artifacts,
detection limit differences and insufficient post-EWQ
sampling frequency. Nitrate is unrelated to flow in the
EWQ data and inversely related in the post-EWQ data.

1748 ICP DRRiegel EWQ‘ 50 1425.8 28.52

1748 ICP DRRiegel Post 16 4455.6 278.47
15.97
15.97
1
<0.00011

H statistic

X% approximation
DF

p-value

HO: 8 = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

Post-EWQ nitrate concentrations fell below the lower
EWP 95% confidence interval. Post-EWQ nitrate +
nitrite concentrations were assumed equivalent for
comparison with EWQ nitrate concentrations since
EWQ nitrite concentrations were never detected.
Independent data were not available for validation of
DRBC data, as USGS measures dissolved nitrate while
DRBC measures total nitrate. At other sites where
concentrations are lower, there was a problem
interpreting the data due to changing detection limits.
Concentrations are sufficiently high for the Delaware
River at Riegelsville interpretive problems did not arise.

Delaware River Basin Commission
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Nitrogen as N, Total (TN) mg/|
Existing Water Quality (Table 2L):

Median 1.44 mg/|
Lower 95% Confidence Interval 1.31 mg/I
Upper 95% Confidence Interval 1.62 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

1748 ICP DRRiegel EWQ 44 1265.8 28.77

16 3481.0 217.56

1748 ICP DRRiegel Post

15.57

15.57

1
<0.0001*

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No water quality degradation is evident here. Total
Nitrogen concentrations apparently declined between
the EWQ and post-EWQ periods. Uncertainty was
introduced into comparisons by potential laboratory
artifacts, detection limit differences and insufficient
post-EWQ sampling frequency. TN is unrelated to flow
in the EWQ data, but inversely related to flow in the
post-EWQ data. USGS data displayed a similar decline
but were too few in number for statistical significance.
Post-EWQ median TN concentrations fell below the
EWQ lower 95% confidence intervals.

Delaware River Basin Commission

Delaware River at Riegelsville - Page 13



Chapter 15: 1748 ICP Delaware River at Riegelsville
Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality (Table 2L):

Median 0.31 mg/I
Lower 95% Confidence Interval 0.22 mg/|
Upper 95% Confidence Interval 0.46 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

1748 ICP DRRiegel EWQ 40 60.0 1.50

1748 ICP DRRiegel Post 16 150.1 9.38
0.79
0.79
1
0.3741

H statistic

X% approximation
DF

p-value

HO: 8 = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth atthe ¢

No water quality degradation is evident here. TKN
concentrations apparently did not measurably change
between the EWQ and post-EWQ periods, though the
post-EWQ range was far narrower and all
concentrations were less than 0.5 mg/l. Uncertainty
was introduced into comparisons by potential
laboratory artifacts and insufficient post-EWQ sampling
frequency. TKN concentration is unrelated to flow in
both data sets. Post-EWQ median TKN fell within the
EWQ 95% confidence intervals. There were insufficient
USGS data (n=4) to confirm DRBC results.

Delaware River Basin Commission
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Orthophosphate as P, Total mg/I (OP)
Existing Water Quality (Table 2L):

Median 0.04 mg/|
Lower 95% Confidence Interval <0.04 mg/I
Upper 95% Confidence Interval 0.07 mg/I

Kruskal-Wallis test

MonLoc_ShortSite_PreP

ost

Result Measure by
n Rank sum Mean rank

No water quality degradation is evident here. OP
concentrations apparently declined between the EWQ
and post-EWQ periods. Uncertainty was introduced
into comparisons by potential laboratory artifacts,
detection limit differences and insufficient post-EWQ
sampling frequency.

1748 ICP DRRiegel EWQ 43 393.0 9.14
1748 ICP DRRiegel Post 16 1056.3 66.02
H statistic 4.96
X*approximation 4.96
DF 1
p-value 0.02591
H0: 8, =6, =6..

The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

OP is weakly related to flow in both data sets. Post-
EWQ median OP fell to the EWQ lower 95% confidence
interval and the upper quartile of data decreased
significantly. This may be due to an improvement in
detection limits, or may be a water quality
improvement as there were no post-EWQ
concentrations higher than 0.08 mg/I. Post-EWQ OP
ranged much less widely than EWQ data. There were
no independent data to confirm DRBC results.
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Chapter 15: 1748 ICP Delaware River at Riegelsville
pH
Existing Water Quality (Table 2L):

Median 7.60 standard units
Lower 95% Confidence Interval 7.48 standard units
Upper 95% Confidence Interval 7.80 standard units

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
ost

n Rank sum Mean rank

1748 ICP DRRiegel EWQ! 50 48.0 0.96

1748 ICP DRRiegel Post 13 184.7 14.21
0.69
0.69
1
0.4048

H statistic
X2 approximation
DF

pvalue

HO: 8 = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth. atthe

No water quality degradation is evident here. pH did
not measurably change between the EWQ and post-
EWQ periods. Uncertainty was introduced into
comparisons by insufficient post-EWQ sampling
frequency. pH is weakly related to flow in both data
sets, tending toward neutral at higher flow conditions.
Post-EWQ median pH was at the upper EWQ 95%
confidence interval, but the result was not statistically
significant. In 2010 there was one spike above pH 9,
indicating high algal productivity during that dry
sampling period. USGS data confirm these results.

Delaware River Basin Commission
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Phosphorus as P, Total (TP) mg/I
Existing Water Quality (Table 2L):

Median 0.09 mg/I
Lower 95% Confidence Interval 0.07 mg/I
Upper 95% Confidence Interval 0.12 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

1748 ICP DRRiegel EWQ 41 1648.8 40.21

1748 ICP DRRiegel Post 16 4225.0 264.06
21.42
21.42
1
<0.00011

H statistic

X% approximation
DF

p-value

HO: 8 = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level.

No water quality degradation is evident here. Total
Phosphorus (TP) concentrations apparently declined
between the EWQ and post-EWQ periods. Uncertainty
was introduced into comparisons by potential
laboratory artifacts, detection limit differences and
insufficient post-EWQ sampling frequency. Post-EWQ
median TP fell below the EWQ lower 95% confidence
interval. TP is unrelated to flow in the EWQ data, and
weakly related in post-EWQ data. USGS data confirm
DRBC results though not strongly. A decline in
concentrations is shown in USGS data (n=19), but only
DRBC post-EWQ data line up well with USGS results.
DRBC EWQ results were more variable than USGS data.

Delaware River Basin Commission
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Specific Conductance umho/cm
Existing Water Quality (Table 2L):

Median 183 umho/cm

Lower 95% Confidence Interval 155 pumho/cm
Upper 95% Confidence Interval 197 umho/cm
Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost n Rank sum Mean rank

1748 ICP DRRiegel EWQ‘ 50 129.6 2.59

1748 ICP DRRiegel Post 13 498.5 38.34

X*approximation 1.87
DF 1

H statistic 1.87
p-value 0.1715

HO: 8 = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth atthe ¢

No water quality degradation is evident here. Specific
conductance did not measurably change between the
EWQ and post-EWQ period. Post-EWQ median specific
conductance fell within the EWQ 95% confidence
intervals. Specific conductance is inversely related to
flow in both data sets. The rise in specific conductance
seen elsewhere is not apparent here; probably because
the full flow regime is not well-represented in the post-
EWQ data. USGS data (n=19) show a larger increase
between the two periods, but there are insufficient data
for statistical significance of the result. DRBC results
compare well with USGS results.

Delaware River Basin Commission
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Total Dissolved Solids (TDS) mg/|
Existing Water Quality (Table 2L):

Median 140 mg/I

Lower 95% Confidence Interval 130 mg/|

Upper 95% Confidence Interval 150 mg/I

Defined in regulations as a flow-related parameter

No water quality degradation is evident here. TDS
apparently declined between the EWQ and post-EWQ
periods. Uncertainty was introduced into comparisons
by potential laboratory artifacts and insufficient post-
EWQ sampling frequency.

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP
ost

n Rank sum Mean rank

1748 ICP DRRiegel EWQ 47 12876 27.40

1748 ICP DRRiegel Post 16 37823 236.39
15.12
15.12
1
0.0001*

H statistic
X?approximation
DF

p-value

HO: 8, =6, =6...

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are not all equal

! Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

TDS is unrelated to flow in EWQ data, though TDS was
designated in the rules as flow related and is inversely
related to flow in post-EWQ data. Post-EWQ median
TDS fell below the EWQ lower 95% lower confidence
interval and was much less variable than the baseline
samples as well. Post-EWQ detection limits were lower
than EWQ detection limits, though there were no non-
detect results at any time. USGS data were within the
same range as DRBC data, but the TDS decline was not
evident in USGS data. The USGS data displayed a slight
increase in TDS, which is logical given the increases in
chlorides and specific conductance. This supports the
notion that there may be laboratory artifacts in DRBC's
TDS data.
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Total Suspended Solids (TSS) mg/|
Existing Water Quality (Table 2L):

Median 4.5 mg/I

Lower 95% Confidence Interval 3.5 mg/I

Upper 95% Confidence Interval 6.5 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

1748 ICP DRRiegel EWQ 47 92.7 197

1748 ICP DRRiegel Post 16 2723 17.02

1.09
1.09

H statistic
X% approximation
DF

p-value 0.2966

HO: 8 = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth atthe

No water quality degradation is evident here. TSS
apparently did not measurably change between the
EWQ and post-EWQ periods. Uncertainty was
introduced into comparisons by potential laboratory
artifacts and insufficient post-EWQ sampling frequency.
TSS is positively related to flow in both data sets. Post-
EWQ median TSS fell within the EWQ 95% confidence
intervals. Both flow and concentration are plotted on a
logarithmic scale, and the regression is a power
relationship. USGS data were too few for trend
evaluation, but closely resembled DRBC results.
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Turbidity NTU
Existing Water Quality (Table 2L):

Median 2.7 NTU

Lower 95% Confidence Interval 2.1 NTU

Upper 95% Confidence Interval 3.5 NTU

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

1748 ICP DRRiegel EWQ 50 8.4 0.17

1748 ICP DRRiegel Post 15 28.0 1.87
0.10
0.10
1
0.7495

H statistic

X% approximation
DF

p-value

HO: 8 = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth atthe ¢

No water quality degradation is evident here. Turbidity
apparently did not measurably change between the
EWQ and post-EWQ periods. Uncertainty was
introduced into comparisons by insufficient post-EWQ
sampling frequency. Post-EWQ median turbidity fell
within the EWQ 95% confidence intervals of the
median. Turbidity is positively related to flow in both
data sets, and the power regression lines actually
overlay one another. Concentration and flow are
represented on logarithmic scales. There were very few
USGS data available for comparison with DRBC results,
but USGS and DRBC results were similar.
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Chapter 15: 1748 ICP Delaware River at Riegelsville
Water Temperature, degrees C

Not included in DRBC Existing Water Quality rules

Kruskal-Wallis test

Result Measure by
MonlLoc_ShortSite_PreP
n

ost Rank sum Mean rank

1748 ICP DRRiegel EWQ‘ 50 115 023

1748 ICP DRRiegel Post 13 44.3 341

H statistic
X2 approximation
DF
p-value 0.683
HO: 8 = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.

Do not reject the null hypothesis at the 5% significance leve

No water quality degradation is evident here. Water
temperature did not measurably change between the
EWQ and post-EWQ periods. Uncertainty was
introduced into comparisons by insufficient post-EWQ
sampling frequency. Water temperature is weakly and

inversely related to flow in both data sets. Flow is
plotted on a logarithmic scale. DRBC data closely
resembled NJDEP and USGS results.
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Chapter 16: 1774 BCP Pohatcong Creek, Warren County, NJ
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Analysis of flow differences between the EWQ and post-
EWQ periods:

Flow was roughly the same between the EWQ and post-
EWQ periods. Fewer samples were collected in the
post-EWQ period. The range of flow conditions sampled
was wider in the EWQ period, and the post-EWQ data
contain fewer samples taken at high and low flow
conditions. This is a deficiency that possibly affects the
measurable change analyses for those parameters that
are flow-related. There were too few samples taken in
the post-EWQ period at Pohatcong Creek; sampling
should have been biweekly instead of monthly.

Kruskal-Wallis test

Flow cfs by
MonLoc_ShortSite_PreP
ost

1774 BCP Pohat EWQ
1774 BCP Pohat Post

n Rank sum Mean rank
48 130.0 271
14 445.8 31.84

177

177

1
0.1835!

H statistic

X2 approximation
DF

p-value

HO: 8, = 6,=6..
The median of the populations are all equal.
H1:6,# 6 foratleastone i j
The median of the populations are notall equal.
Do not reject the null hypothesis at the 5% significance lev

The 57.1 square mile Pohatcong Creek watershed is
about 49% forested and about 8% urban land cover.
Less than 1% of the watershed was affected by glacial
activity. About 47% of the watershed is underlain by
carbonate bedrock; limestone influence upon water
quality is significant. Limestone streams possess high
alkalinity, hardness and specific conductance. The
watershed has urban and agricultural influences upon
water quality as well. DRBC samples at the River Road
Bridge near the Delaware River confluence.

Annual May to September flow statistics associated
with water quality measurements are plotted above.
These are measurements or estimates associated with
the time of each water quality sample. Mean annual
flow is about 97.3 cfs; and harmonic mean flow is about
73.6 cfs (USGS Stream Stats retrieval, Feb. 2014) which
is more typical of summer flow conditions. Though a
wide range of flows were sampled by DRBC, these data
appear to be most representative of low to normal flow
conditions. Flows corresponding to each water quality
sample were estimated using a DRBC-constructed rating
curve using a benchmark established on the bridge over
River Road. In the 2009-2011 time periods many flow
estimates were derived from the USGS BaSE* program.
There was excellent correspondence between DRBC
estimates and BaSE-derived estimates.

*Stuckey, M.H., Koerkle, E.H., and Ulrich, J.E., 2012,
Estimation of baseline daily mean streamflows for
ungaged locations on Pennsylvania streams, water years
1960-2008: U.S. Geological Survey Scientific
Investigations Report 2012-5142, 61 p.)

Upstream ICP: Delaware River at Easton 1838 ICP
Downstream ICP: Del. River at Riegelsville 1748 ICP

Delaware River Basin Commission

Pohatcong Creek, NJ - Page 2



Chapter 16: 1774 BCP Pohatcong Creek, NJ
Alkalinity as CaCO3, Total mg/I
Existing Water Quality (Table 2K):

Median 113 mg/I (typo. error in rules 116 m/l)
Lower 95% Confidence Interval 104 mg/I

Upper 95% Confidence Interval 120 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
MonLoc_ShortSite_PreP

ost n Rank sum Mean rank

48 46.0 0.96
17 129.9 7.64

1774 BCP Pohat EWQ
1774 BCP Pohat Post|

0.49
0.49

1
0.4825

H statistic

X2 approximation
DF

p-value

HO: 0, = 6, = 6.

The median of the populations are all equal.
H1:6,# 6 for at least one i,j

The median of the populations are notall equal.
D e null hypott t the 5 i

No water quality degradation is evident here. Alkalinity
apparently did not measurably change between the
EWQ and post-EWQ periods. However, uncertainty is
introduced into this conclusion because of potential
laboratory artifacts, insufficient post-EWQ sampling
frequency, and flow differences. Alkalinity is inversely
related to flow in both data sets. Post-EWQ median
alkalinity rose above the upper EWQ 95% confidence
interval, but there were insufficient data for statistical
significance. There were too few data in the post-EWQ
data set to fully represent the flow regime of Pohatcong
Creek — there were too few samples taken under high-
flow conditions.
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Ammonia Nitrogen as N, Total mg/I
Existing Water Quality (Table 2K):

Median <0.05 mg/|

Lower 95% Confidence Interval <0.05 mg/I
Upper 95% Confidence Interval <0.05 mg/|
Designated in DRBC rules as flow-related

No water quality degradation is evident here. Ammonia
concentrations apparently declined. However,
uncertainty is introduced into this conclusion because
of detection limit differences, potential laboratory
artifacts, insufficient post-EWQ sampling frequency, and
flow differences. Post-EWQ median ammonia
concentration was below the EWQ lower 95%
confidence interval.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

40 2235.0 55.88
16 5587.6 349.22

1774 BCP Pohat EWQ
1774 BCP Pohat Post

30.34

30.34

1
<0.0001*

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

No independent data were available to validate results.
DRBC’s post-EWQ detection limit (0.004-0.006 mg/I)
was much lower than during the EWQ period (0.02-0.05
mg/l). EWQ data possessed many undetected results
(27 of 40 samples), which interfered with calculation of
the median. Under 2009-2011 lower detection levels
there were still 6/16 undetected results, but the median
calculation was unaffected. So rather than a real
change in ambient concentrations we are better able to
measure actual concentrations. Some water quality
improvement may be indicated as the post-EWQ data
contained no concentrations greater than 0.03 mg/I.

Delaware River Basin Commission
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Chloride, Total mg/I
Existing Water Quality (Table 2K):

Median 20 mg/I
Lower 95% Confidence Interval 19 mg/I
Upper 95% Confidence Interval 21 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum

Mean rank

40 27225
17 6405.9

1774 BCP Pohat EWQ
1774 BCP Pohat Post

3331

3331

1
<0.0001*

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.

68.06
376.82

The median of the populations are all equal.

H1:6,# 6 foratleastone i,

The median of the populations are notall equal.

Reject the null hypothesis in favour of the a

Water quality degradation
concentrations apparently

Iternative hypothesis at the 5% significance level

is evident here. Chloride
rose by about 5 mg/I.

However, uncertainty is introduced into this conclusion

by potential laboratory art
sampling frequency, and fl

ifacts, insufficient post-EWQ
ow differences. Post-EWQ

median concentration rose above the EWQ upper 95%

confidence interval. Chloride concentration is unrelated

to flow in this data set. No independent data were

available to validate these

results.
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Dissolved Oxygen (DO) mg/|
Existing Water Quality (Table 2K):

Median 9.50 mg/I
Lower 95% Confidence Interval 9.20 mg/|
Upper 95% Confidence Interval 9.90 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

48 93.5 1.95
14 3206 22.90

1774 BCP Pohat EWQ
1774 BCP Pohat Post

127
127

1
0.2591

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypothesis at the 5!

No water quality degradation is evident here. No
measurable change took place between the EWQ and
Post-EWQ periods. Uncertainty is introduced into this
conclusion by insufficient post-EWQ sampling frequency
and flow differences. Post-EWQ median DO
concentration was above the EWQ upper 95%
confidence interval but the increase was not statistically
significant due to too few post-EWQ samples. Such an
increase would represent an improvement to water
quality anyway. DO concentration is unrelated to flow
in both data sets.
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Dissolved Oxygen Saturation %
Existing Water Quality (Table 2K):

Median 97%
Lower 95% Confidence Interval 96%
Upper 95% Confidence Interval 100%

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

48 77.5 1.62
14 265.8 18.98

1774 BCP Pohat EWQ
1774 BCP Pohat Post

1.05
1.05
1

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypothesis at the 5!

No water quality degradation is evident here. Dissolved
Oxygen Saturation is unrelated to flow, and did not
measurably change between the EWQ and post-EWQ
periods. Uncertainty is introduced into this conclusion
by insufficient post-EWQ sampling frequency and flow
differences. Post-EWQ median DO saturation
increased above the upper EWQ 95% confidence
interval but the increase was not statistically significant
due to too few post-EWQ samples. An increase in DO
saturation would represent a water quality
improvement anyway.
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Enterococcus colonies/100 ml
Existing Water Quality (Table 2K):

Median 610/100 ml
Lower 95% Confidence Interval 380/100 ml
Upper 95% Confidence Interval 820/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

Pohatcong Creek possesses among the highest bacteria
concentrations throughout the Lower Delaware. No
water quality degradation is evident here. Enterococci
apparently declined between the EWQ and Post-EWQ
periods.

45 947.6 21.06
17 2508.4 147.55

1774 BCP Pohat EWQ
1774 BCP Pohat Post

10.62

10.62

1
0.0011*

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Uncertainty is introduced into this conclusion by
potential laboratory artifacts, insufficient post-EWQ
sampling frequency and flow differences. Enterococcus
concentrations are weakly related to flow in the EWQ
data set, but positively related to flow in the post-EWQ
data — but only because of a pair of influential low
values. Concentrations and flows are plotted on a
logarithmic scale, and the regression is a power
relationship. Post-EWQ median enterococcus
concentrations fell below the lower EWQ 95%
confidence interval.
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Escherichia coli colonies/100 ml
Existing Water Quality (Table 2K):

Median 305/100 ml

Lower 95% Confidence Interval 190/100 ml
Upper 95% Confidence Interval 550/100 ml
Designated in DRBC rules as flow-related

No water quality degradation is evident here. E. coli
concentrations apparently did not measurably change
between the EWQ and Post-EWQ periods. Uncertainty
is introduced into this conclusion by potential
laboratory artifacts, insufficient post-EWQ sampling
frequency and flow differences.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

40 420 1.05
16 105.1 6.57

1774 BCP Pohat EWQ
1774 BCP Pohat Post

0.55
0.55

1
0.4570

H statistic

X2 approximation
DF

p-value

HO: 8, =6, = 6.

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are not all equal.
Do not reject the null hypothesis at the 5!

Post-EWQ median E. coli fell within the EWQ 95%
confidence intervals. Concentrations and flows are
plotted on a logarithmic scale. E. coli concentrations
are weakly related to flow in both data sets. No
independent data were available to validate these
results.
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Fecal coliform colonies/100 ml
Existing Water Quality (Table 2K):

Median 580/100 ml
Lower 95% Confidence Interval 420/100 ml
Upper 95% Confidence Interval 810/100 ml

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1774 BCP Pohat EWQ
1774 BCP Pohat Post

n Rank sum Mean rank
45 476.9 10.60
23 933.1 40.57

361
361

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth tthe 5

Fecal coliform concentrations are weakly related to flow
in the EWQ data set, but unrelated to flow in the post-
EWQ data. Post-EWQ median concentrations were
within the EWQ 95% confidence intervals.

Fecal coliform concentrations apparently did not Concentrations and flows are plotted on a logarithmic
measurably change between the EWQ and post-EWQ scale.

periods, though there were fewer high results in the
post-EWQ data set. Uncertainty is introduced into this
conclusion by potential laboratory artifacts, insufficient

NJDEP 2006 data were comparable with DRBC data and
included in the post-EWQ data set in order to increase

th ber of post-EW Its.
post-EWQ sampling frequency and flow differences. © number ot pos Qresults
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Hardness as CaCO3, Total mg/I
Existing Water Quality (Table 2K):

Median 140 mg/I

Lower 95% Confidence Interval 135 mg/|

Upper 95% Confidence Interval 160 mg/I

Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1774 BCP Pohat EWQ
1774 BCP Pohat Post

n Rank sum Mean rank
48 192.0 4.00
17 542.1 31.89

2.06
2.06

1
0.1512

H statistic

X2 approximation
DF

p-value

HO: 8, =6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth. tthe 5

No water quality degradation is evident here. Hardness
apparently did not measurably change between the
EWQ and post-EWQ periods. Uncertainty is introduced
into this conclusion by potential laboratory artifacts,
insufficient post-EWQ sampling frequency and flow
differences. Hardness is inversely but weakly related to
flow in both data sets. Post-EWQ median hardness was
above the EWQ upper 95% confidence interval, but the
rise was not statistically significant due to insufficient
post EWQ samples (n=17). Flow is plotted on a
logarithmic scale. No data were available to validate
DRBC conclusions. These high concentrations reflect
natural limestone influence upon water quality.

Delaware River Basin Commission
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Nitrate + Nitrite as N, Total mg/I
Existing Water Quality (Table 2K, as Nitrate only):

Median 2.61 mg/I
Lower 95% Confidence Interval 2.30 mg/|
Upper 95% Confidence Interval 2.88 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

Water quality degradation is evident here. Nitrate
concentrations, already high in the Pohatcong,
apparently increased. Uncertainty is introduced into
conclusions by potential laboratory artifacts, insufficient
post-EWQ sampling frequency and flow differences.

46 1435.8 31.21
17 3885.2 228.54

1774 BCP Pohat EWQ
1774 BCP Pohat Post

15.84

15.84

1
<0.0001*

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Nitrate is unrelated to flow in both data sets. Post-EWQ
median concentration exceeded the EWQ upper 95%
confidence interval. Post-EWQ nitrate + nitrite
concentrations were assumed equivalent for
comparison with EWQ nitrate concentrations since
EWQ nitrite concentrations were never detected.
Independent data were not available for validation of
results. At other sites where concentrations are lower,
there was a problem interpreting the data due to
changing detection limits. Concentrations are
sufficiently high in Pohatcong Creek that no uncertainty
was introduced by detection limit differences.

Delaware River Basin Commission
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Nitrogen as N, Total (TN) mg/I
Existing Water Quality (Table 2K):

Median 3.14 mg/|
Lower 95% Confidence Interval 2.87 mg/|
Upper 95% Confidence Interval 3.26 mg/I

Delaware River Basin Commission

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1774 BCP Pohat EWQ
1774 BCP Pohat Post

n Rank sum Mean rank
40 936.1 23.40
17 2202.5 129.56

11.39

11.39

1
0.0007*

H statistic

X2 approximation
DF

p-value

HO: 8, =6, = 6.

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Water quality degradation is evident here. Total
Nitrogen concentrations apparently increased.
Uncertainty is introduced into conclusions by potential
laboratory artifacts, insufficient post-EWQ sampling
frequency and flow differences. TN is unrelated to flow
in both data sets. No independent data were available
to validate results. Post-EWQ median TN concentration
exceeded the EWQ upper 95% confidence interval.
Pohatcong Creek Total Nitrogen concentrations remain
among the highest in comparison with other Delaware
River tributaries.
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Nitrogen, Kjeldahl as N, Total (TKN) mg/I
Existing Water Quality (Table 2K):

Median 0.33 mg/I
Lower 95% Confidence Interval 0.19 mg/|
Upper 95% Confidence Interval 0.36 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

40 207.0 5.18
17 487.1 28.65

1774 BCP Pohat EWQ
1774 BCP Pohat Post

2.52

2.52

1
0.112

H statistic
X2 approximation
DF

pvalue

HO: 8 = 6, = 6.

The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth atthe ¢

No water quality degradation is evident here. TKN
concentrations apparently did not measurably change.
Uncertainty is introduced into conclusions by potential
laboratory artifacts, insufficient post-EWQ sampling
frequency and flow differences. The post-EWQ range
was far narrower and all concentrations were less than
0.6 mg/I| — reflecting either a water quality
improvement or laboratory artifacts. TKN
concentration is unrelated to flow in both data sets.
Post-EWQ median TKN fell within the EWQ 95%
confidence intervals. There were no independent data
to confirm DRBC results.

Delaware River Basin Commission
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Orthophosphate as P, Total mg/I (OP)
Existing Water Quality (Table 2K):

Median 0.05 mg/I
Lower 95% Confidence Interval 0.05 mg/|
Upper 95% Confidence Interval 0.07 mg/I

No water quality degradation is evident here. OP
concentrations apparently declined between the EWQ
and post-EWQ periods. Uncertainty is introduced into
conclusions by potential laboratory artifacts, insufficient
post-EWQ sampling frequency, and flow differences.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

41 23971
17 5781.3

1774 BCP Pohat EWQ
1774 BCP Pohat Post

28.88

28.88

1
<0.0001*

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.

58.47
340.08

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

OP is unrelated to flow in both data sets. Post-EWQ
median OP fell below the EWQ lower 95% confidence
interval. Unlike in other watersheds, there were no
undetected results in the EWQ or post-EWQ data, so
this analysis contained no interference by differences

between detection limits. Post-EWQ orthophosphate

ranged less widely than EWQ data and no

concentrations were higher than 0.04 mg/|, possibly

indicating water quality improvement or laboratory

artifacts. There were no independent data to confirm

DRBC results.

Delaware River Basin Commission
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
pH
Existing Water Quality (Table 2K):

Median 7.90 standard units
Lower 95% Confidence Interval 7.88 standard units
Upper 95% Confidence Interval 7.95 standard units

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n Rank sum Mean rank

48 234 0.49
14 80.2 573

1774 BCP Pohat EWQ
1774 BCP Pohat Post

0.32

0.32

1
0.5718

H statistic
X2 approximation
DF

pvalue

HO: 8 = 6, = 6.
The median of the populations are all equal.

H1:6,# 6, for at least one i j

The median of the populations are notall equal.
Do not reject the null hypoth atthe ¢

No water quality degradation is evident here. pH did
not measurably change between the EWQ and post-
EWQ periods. Uncertainty is introduced into
conclusions by insufficient post-EWQ sampling
frequency and flow differences. pH is unrelated to flow
in both data sets. Post-EWQ median pH was above the
upper EWQ 95% confidence interval, but the result was
not statistically significant due to insufficient post-EWQ
data (n=14). In 2010 there was one spike above pH 9,
indicating high algal productivity during that dry
sampling period. No additional data were available to
confirm DRBC results.

Delaware River Basin Commission
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Phosphorus as P, Total (TP) mg/I
Existing Water Quality (Table 2K):

Median 0.10 mg/I
Lower 95% Confidence Interval 0.08 mg/|
Upper 95% Confidence Interval 0.11 mg/I

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP

ost n Rank sum Mean rank

No water quality degradation is evident here. Total
Phosphorus (TP) concentrations apparently declined
between the EWQ and post-EWQ periods. Uncertainty
is introduced into conclusions by potential laboratory
artifacts, detection limit differences, insufficient post-
EWQ sampling frequency, and flow differences.

40 2160.9 54.02
17 5084.5 299.09

1774 BCP Pohat EWQ
1774 BCP Pohat Post

26.42

26.42

1
<0.0001*

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.
The median of the populations are all equal.
H1:6,# 6, for at least one i j
The median of the populations are notall equal.
Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Post-EWQ median total phosphorus fell below the EWQ
lower 95% confidence interval. TP is unrelated to flow
in both data sets. The weak relationship to flow
indicated in the EWQ data were driven by a few high
outlier values. No additional data were available to
confirm DRBC results. EWQ results were more variable
than post-EWQ data, which contained no
concentrations higher than 0.1 mg/Il. This may
constitute a water quality improvement unless it
reflects only laboratory artifacts.

Delaware River Basin Commission
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Specific Conductance umho/cm
Existing Water Quality (Table 2K):

Median 340 umho/cm

Lower 95% Confidence Interval 316 umho/cm
Upper 95% Confidence Interval 352 umho/cm
Defined in regulations as a flow-related parameter

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

1774 BCP Pohat EWQ
1774 BCP Pohat Post

n Rank sum Mean rank
48 671.3 13.98
14 23014 164.39

9.13

9.13

1
0.0025*

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.

The median of the populations are all equal.
H1:6,# 6, for at least one i j

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

Specific conductance is inversely related to flow in both
data sets. Higher flow conditions were not well
represented in the post-EWQ data, and the significant
increase may be partially attributable to this. The rise in

specific conductance may be partially attributable to

. L . the concurrent rise in chloride concentrations. Median

Water quality degradation is evident here. Specific o )
. specific conductance has risen from 340 to 393
conductance apparently increased above the EWQ ) i )
. , o umhos/cm; a 16% increase in a few years’ time. Further
upper 95% confidence interval. Uncertainty is ) R o
. . . . . investigation is recommended. No additional data were
introduced into conclusions by insufficient post-EWQ ] )

, , available to confirm DRBC results.
sampling frequency and flow differences.
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Total Dissolved Solids (TDS) mg/|
Existing Water Quality (Table 2K):

Median 220 mg/I

Lower 95% Confidence Interval 211 mg/I

Upper 95% Confidence Interval 260 mg/I

Defined in regulations as a flow-related parameter

No water quality degradation is evident here. TDS
apparently declined. Uncertainty is introduced into
conclusions by potential laboratory artifacts, insufficient
post-EWQ sampling frequency, and flow differences.

Kruskal-Wallis test

Result Measure by
Monloc_ShortSite_PreP
ost

n

Rank sum Mean rank

47
17

1774 BCP Pohat EWQ
1774 BCP Pohat Post

538
538
1

H statistic

X2 approximation
DF

p-value

HO: 8, = 6, = 6.

0.0204*

494.8 10.53
1368.0 80.47

The median of the populations are all equal.

H1:6,# 6 foratleastone i,

The median of the populations are notall equal.

Reject the null hypothesis in favour of the alternative hypothesis at the 5% significance level

TDS is unrelated to flow in both data sets, though TDS
was designated in the rules as flow related. Post-EWQ
median TDS fell below the EWQ lower 95% lower
confidence interval. Post-EWQ TDS was much less
variable than the baseline samples as well except for a

single unexplained high outlier measurement (5/17/11,

normal flow conditions). Post-EWQ detection limits

were lower than EWQ detection limits, though there

were no non-detect results at any time. No additional

data were available to confirm DRBC results.

Delaware River Basin Commission
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Chapter 16: 1774 BCP Pohatcong Creek, NJ
Total Suspended Solids (TSS) mg/|
Existing Water Quality (Table 2K):

Median 6.5 mg/I

Lower 95% Confidence Interval 5.0 mg/I

Upper 95% Confidence Interval 8.0 mg/I

Should have been designated in rules as flow-related

Kruskal-Wallis test

Result Measure by
Monloc_Short