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CONVERSION FACTORS, VERTICAL DATUM, TEMPERATURE
AND ABBREVIATIONS

Multiply By To obtain
Length
inch (in.) 25.4 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
Area
square mile (mi?) 2.590 square kilometer
Volume
gallon (gal) 3.785 liter
Flow
cubic foot per second (ft¥/s) 0.3048 cubic meter per second
Mass
ounce, avoirdupois (0z) 28.35 gram
Mass per unit volume
grain per gallon (gr/gal) 0.05841 milligram per liter
Specific conductance
micromho per centimeter 1.000 microsiemen per
at 25 degrees Celsius centimeter at 25
(umho/cm at 25 °C) degrees Celsius

Sea level: In this report, "sea level” refers to the National Geodetic Vertical Datum of 1929--a geodetic datum derived
from a general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level
Datum of 1929,

Temperature: In this report atmospheric temperature is given in degrees Fahrenheit (°F), which can be converted to
degrees Celsius (°C) by the following equation:

°C =5/9 x (°F-32)

Water temperature is given in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by the following
equation:

F=18(°C)+32

Abbreviations used in this report:

infyr  inch per year °C  degrees Celsius
mi/hr  mile per hour < less than
mg/L  milligram per liter > greater than
ppt  parts per thousand < less than or equal to
puS/cm  microsiemens per centimeter ---  nodata

+  plus or minus

Definition used in this report:
Water year - The period October 1 through September 30, determined by the calendar year in which it ends.

Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by
the U.S. Government or State of North Carolina.

vi



WATER-QUALITY DATA FROM CONTINUOUSLY MONITORED
SITES IN THE PAMLICO AND NEUSE RIVER ESTUARIES,
NORTH CAROLINA, 1991-92

By Ronald G. Garrett

ABSTRACT

Water-quality measurements were made at six sites in or near North Carolina's Pamlico
River estuary and at five sites in or near the Neuse River estuary. Measurements taken at
15-minute intervals included near-surface and near-bottom specific conductance; near-surface
water temperature; and near-surface, mid-depth, and near-bottom dissolved-oxygen
concentrations.

In the Pamlico River estuary, salinities generally ranged from less than 0.1 to 20 parts
per thousand during the period October 1991 through September 1992. Recorded water
temperatures in the Pamlico River were between 3.5 and 33 degrees Celsjus during the
measurement period. Dissolved-oxygen concentrations ranged from less than 1 to 23
milligrams per liter.

In the Neuse River estuary, salinities ranged from 0.3 to 27 parts per thousand between
October 1991 and September 1992. During the same period, recorded water temperatures in
this estuary were between 4 and 34 degrees Celsius. Dissolved-oxygen concentrations ranged
from less than 1 to greater than 22 milligrams per liter.

Daily mean values of salinity; water temperature; dissolved-oxygen concentrations; and
dissolved oxygen, percent saturation, are presented in tables and graphs. Five-day mean
values of water temperature and dissolved-oxygen concentrations for day and night
conditjons also are presented in tables. Data are presented illustrating the vertical distribution
of selected constituents at each site for selected dates.

INTRODUCTION

Estuarine environmental monitoring has been defined as "a continuing program of
modeling, measurement, analysis, and synthesis that predicts and quantifies environmental
conditions or contaminants and incorporates that information effectively into decision making
in environmental management" (National Research Council, 1990). Monitoring data can
provide information to (1) evaluate pollution abatement activities and control waste
discharges, (2) measure trends in water quality, (3) detect new environmental problems during
the early stages, potentially leading to lower-cost solutions, (4) evaluate human health
hazards, and (5) determine the response of organisms to changes in habitat quality (National
Academy of Sciences, 1977; Pearce and Despres-Patanjo, 1988; National Research Council,
1990).



The estuarine environment is extremely complex and highly variable, and it is often
difficult to detect changes or to separate trends from natural variations. For example,
salinity may be affected by tides, variable freshwater inputs, meteorological conditions,
bathymetry, sea-level rise, and other factors, all of which are temporally and spatially
variable. Moreover, there is a physical coupling between salinity and flow. Flows are
influenced by spatial salinity (density) gradients. Flow, in turn, advects and mixes salt, and
thereby affects the spatial salinity gradients. Salinity is also an important biological factor
affecting species productivity and diversity, as well as perhaps the incidence of certain
finfish diseases (Noga and Stanley, 1989).

Likewise, dissolved oxygen fluctuates in response to flows, to the salinity-controlled
density gradients, to diurnal and vertical variations in biological community metabolism,
and to variable water-quality conditions. Because vertical density gradients control the
transport of oxygen through the water column, salinity distributions and dissolved-oxygen
concentrations are closely related. Adequate dissolved-oxygen levels are critical to the
biological health of the estuary.

Because of the complex and variable nature of estuaries, continuously recording water-
quality instruments can play a key role in monitoring. For example, after evaluating data
collected at bimonthly intervals, the Chesapeake Bay Program staff recognized the need for
continuously monitored salinity, dissolved oxygen, and temperature data (Martin Marietta
Environmental Systems, 1987a, 1987b). The recently initiated Environmental Monitoring
and Assessment Program continuously monitored near-bottom dissolved oxygen during the
summer of 1990 at 30 estuarine sites from Massachusetts to Virginia (Holland, 1990).

The Albemarle-Pamlico (A-P) Estuarine Study implemented an estuarine monitoring
program in 1988 (Holman, 1988). The monitoring program includes an expanded ambient
water-quality monitoring network (North Carolina Department of Environment, Health, and
Natural Resources, 1990), fish tissue analyses, sediment-oxygen demand studies, a citizens’
monitoring program, and a network of continuous water-quality monitors. The expanded
ambient monitoring network and the continuous-monitoring network were designed to
provide compatible data, and in many locations, the ambient- and continuous-monitoring
network sites coincide. Information from these and other biological and water-quality
monitoring activities in the sounds provides a comprehensive overview of the health of the
estuarine system.

In 1988, the U.S. Geological Survey (USGS), in cooperation with the North Carolina
Department of Environment, Health, and Natural Resources, initiated an investigation of
water quality in the Pamlico and Neuse River estuaries. The investigation involves the
continuous measurement of selected water-quality constituents and analyses of those data to
(1) provide information to be used in conjunction with other A-P Study monitoring data to
characterize baseline conditions in the two estuaries; (2) evaluate temporal trends after
sufficient data are available; (3) characterize the extent, frequency, and duration of density
stratification; (4) describe the dissolved-oxygen regime, including the relation of hypoxia to
density stratification; and (5) provide data for hydrodynamic and water-quality modeling.

This report is the third in a series of reports summarizing data collected from the
Pamlico and Neuse River estuaries. The first report summarized data collected during
1989-90 (Garrett and Bales, 1991), and the second report summarized data collected
during 1990-91 (Garrett, 1992).



Purpose and Scope

The purpose of this report is to provide a summary of the continuously monitored
water-quality data collected from the Pamlico River and the Neuse River estuaries. This
report covers the period from October 1991 through September 1992, which is the third full
water year of data collection. Water-quality data were measured at 15-minute intervals at six
sites in the Pamlico River estuary and at five sites in the Neuse River estuary. Measurements
included near-surface and near-bottom specific conductance; near-surface water
temperature; and near-surface, mid-depth, and near-bottom dissolved-oxygen
concentrations and percent saturation. Specific-conductance data were converted to and
reported as salinity values. Instantaneous data are summarized as daily mean values in
tables and graphs.
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ESTUARIES AND MONITORED SITES

The Pamlico River estuary and the Neuse River estuary lie within the Coastal Plain
physiographic province of North Carolina (fig. 1). Much of the shoreline surrounding these
two estuaries is composed of marshes, particularly near the mouths of the estuaries (Bellis
and others, 1975; Copeland and others, 1984). Land-surface elevations in the area are
generally less than 25 ft above sea level. Streams that drain to the estuaries have small
drainage basins with little topographic relief, low sediment loads, and fairly acidic waters
(Copeland and others, 1984).

The climate of the region is moderately mild and humid. The annual mean
temperature is about 60 °F, and mean annual precipitation ranges from about 50 in. on the
north side of the Pamlico River estuary to about 56 in. on the south side of the Neuse River
estuary (Hardy and Hardy, 1971). Variability of annual precipitation is large, ranging from
35 to 80 in., but precipitation is relatively uniform throughout the year, with highest rainfall
amounts typically occurring in July, August, and September. Evapotranspiration rates
average about 34 in/yr and exhibit much less variability from year to year than precipitation



(Wilder and others, 1978). Average wind speeds are about 10 mi/hr. Winds typically blow
from south to southwest between April and August, and from north to northwest between
September and February; there is no predominant prevailing wind direction during March.
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Figure 1.--Location of Tar-Pamlico and Neuse River drainage basins.

Pamlico River Est
Upstream of Washington, the Pamlico River is known as the Tar River and drains a
3,080 mi? rural area in the Piedmont and Coastal Plain Provinces (fig. 1). Downstream from
Washington, the Pamlico River estuary drains an additional area of 1,220 mi? near the
confluence of the Pamlico and Pungo Rivers for a total drainage area of 4,300 mi®. The
distance from Washington to the confluence of the Pamlico and Pungo Rivers is about 30 mi.

The Pamlico River estuary width increases from about 1,000 ft at Washington to more
than 4 mi at the Pamlico-Pungo confluence. Maximum depths range from about 10 ft at
Washington to about 18 ft at the mouth. Bottom material near Washington is primarily



organic-rich mud; in the lower reaches of the estuary, fine-grained materials occur mostly
along the channel axis, and sand predominates near the shoreline (Wells, 1989).

Annual average inflow to the Pamlico River estuary at Washington has been estimated
to be 3,140 ft3/s (Harned and Davenport, 1990). Average annual inflow for the 1,220-mi?
drainage area downstream from Washington is estimated to be 2,260 ft*/s. Water-level
fluctuations in the Pamlico River are primarily a result of wind and astronomical tides.
Average daily water-level fluctuation is 1.0 ft at Washington and 0.6 ft near the mouth of the
Pamlico River (Bales, 1990).

Four water-quality monitoring stations (sites 1-4) were established in the Pamlico
River estuary on U.S. Coast Guard channel markers; two additional stations (sites 5 and 6)
were placed at the mouths of Goose Creek and the Pungo River, respectively, which flow into
the Pamlico River (fig. 2). Site numbers used in this report correspond to those in an earlier
report (Garrett, 1992). Water depth at the monitoring stations ranges from 11 ft at sites 1 and
4, to 15 ft at site 2 (table 1). Salinities in the Pamlico River estuary generally ranged from less
than 0.1 to 20 ppt during the period October 1991 through September 1992. Recorded water
temperatures in the Pamlico River ranged from 3.5 °C to 33 °C during the measurement
period. Dissolved-oxygen concentrations ranged from less than 1 to 23 mg/L. Extremes for
the period of record of salinity, water temperature, and dissolved-oxygen concentrations at
each site are presented in table 2.

Neuse River Estuary

Like the Tar River, the Neuse River originates in the Piedmont Province of North
Carolina (fig. 1) and drains a 4,470-mi? area upstream of New Bern that is characterized by
several large urban areas and widespread agriculture. Downstream from New Bern, an
additional 1,130 mi? drain to the Neuse River estuary for a total drainage area of 5,600 mi?
near site 11, Neuse River at junction light (fig. 2).

The Neuse River estuary varies in width from 0.9 mi at New Bern to about 6.3 mi at the
mouth. Average depths range from 8 ft at New Bern to 17 ft at the mouth (Giese and others,
1985). The bottom-material composition of the Neuse River estuary is similar to that of the
Pamlico River estuary, where fine-grained materials predominate along the channel axis and
sand generally occurs near the shoreline (Wells, 1989).

Annual average inflow to the Neuse River estuary at New Bern is about 4,910 ft*/s
(Harned and Davenport, 1990). Giese and others (1985) estimated that the average
freshwater outflow from the entire Neuse River Basin is about 6,500 ft3/s; thus, the annual
average freshwater inflow from lands below New Bern and adjacent to the estuary is about
1,600 ft3/s. As in the Pamlico River, water levels in the Neuse River estuary are affected by
wind and astronomical tides. The daily mean water-level range is 1.0 ft at New Bern and
0.6 ft near site 10 (fig. 2).

Five active water-quality monitoring stations are located along an approximately 35-mi
reach in the Neuse River estuary (sites 8-12, fig. 2). Site 7 was in operation from May 1989
until December 1989 when the channel marker platform was destroyed by ice. The
destroyed multipile channel marker was replaced by a single-pile marker, so it was not
possible to reinstall the data-collection instrumentation. Therefore, there are no data
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Table 1.--Summary of data-collection sites in the Pamlico and Neuse River estuaries, 1988-92

Site Mean Period
number Location Latitude Longitude depth of
(fig. 2) (feet) record
1 Pamlico River at channel 35°30'30" 77°01'12" 11 April 1989-
light 16 September 1992
1A Pamlico River at Washington 35°32'33" 77°03'43" --- 'March 1988-
September 1992
2 Pamlico River at light 5 35°25'48" 76°50'30" 15 April 1989-
September 1992
3 Pamlico River at light 4 35°24'47" 76°45'52" 14 April 1989-
September 1992
4 Pamlico River at light 3 35°2124" 76°38'48" 11 May 1989-
September 1992
S Goose Creek at light 6 35°19'54" 76°37'06" 12 May 1989-
September 1992
6 Pungo River at junction 35°22'42" 76°33'24" 12 May 1989-
light PR September 1992
7 Neuse River at channel 35°04'48" 77°0024" 15 May 1989-
light 22 December 1989
7A Neuse River at New Bern 35°06'42" 77°01'37" --- YMarch 1988-
September 1992
8 Neuse River at channel 34°59's56" 76°56'36" 13 2May-December 1989;
light 11 January 1991-
September 1992
9 Neuse River at channel 34°56'54" 76°48'36" 11 May 1989-
light 9 September 1992
10 Adams Creek at light 4 34°57'24" 76°40'54" 8 June 1989-
September 1992
1t Neuse River at junction light 35°08'42" 76°30'06" 17 ¥May 1990-October 1991;
May-September 1992
1/2 Neuse River at light 7 35°00'30" 76°39'42" 12 4February-May 1991;

April-September 1992

"Water-level data only.

2Channel marker platform was destroyed December 1989 and rebuilt January 1991.

3Station was destroyed November 1991 and rebuilt May 1992.

4Station was destroyed June 1991 and rebuilt April 1992.
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published in this report for site 7, and site 7 is shown as an inactive site in figure 2. Site 8
was in operation from May 1989 until December 1989 when the channel marker platform
was destroyed. Site 8 was rebuilt in January 1991. Site 11 was in operation from May 1990
through October 1991 when the platform was destroyed and was reinstalled in May 1992.
Site 12 was in operation from February 1991 through May 1991 prior to destruction of the
channel marker and was reinstalled in April 1992. Site numbers correspond to those used in
an earlier report (Garrett, 1992).

Between October 1991 and September 1992, salinities ranged from 0.3 ppt to 27 ppt.
During the same period, recorded water temperatures in the Neuse River estuary were
between 4 °C and 34 °C. Dissolved-oxygen concentrations of less than 1 mg/L to greater
than 22 mg/L were recorded. Extremes for the period of record of salinity, water
temperature, and dissolved-oxygen concentrations at each site are presented in table 2.

DATA COLLECTION AND PROCESSING

Standard USGS procedures for the collection and analysis of water-quality data were
followed. Procedures for servicing data-collection instrumentation and for processing the
data also were developed for the specific instrumentation and conditions of this study.
Descriptions and functions of the instruments used to collect data, as well as field and data-
processing procedures, are outlined in this section.

Instrumentation

The central component of the data-collection system is the USGS minimonitor (Gordon
and Katzenbach, 1983; Ficken and Scott, 1989). The minimonitor consists of (1) a water-tight
can (about 14.5 in. high by 10.5 in. in diameter) containing signal conditioners, (2) cables
with waterproof connectors, (3) water-quality sensors, (4) a 12-volt (V) battery, and (5) solar
panels for maintaining a full charge on the battery. Up to eight water-quality sensors can be
attached to the minimonitor. Sensors are available to measure specific conductance,
temperature, dissolved oxygen, and pH, but pH was not measured in this investigation.

The specific-conductance sensor has four electrodes to reduce the effects of fouling.
Compensation for ambient water temperature is made by a signal conditioner so that all
specific-conductance values are referenced to a temperature of 25 °C. Measurement ranges
from 0 to 100, 0 to 1,000, 0 to 10,000, or 0 to 100,000 microsiemens per centimeter (US/cm) can
be selected. Following calibration, specific-conductance measurements are accurate to +3
percent of selected full scale in a temperature range from 0 to 40 °C. The standard range for
the temperature sensor is from 0 to 50 °C, and for a calibrated system, temperature
measurements are accurate to within +1 percent of full scale.

The dissolved-oxygen sens<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>