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Figure No. Title
Figure I-1 Map of the Delaware Estuary and the relative location of the Station.
Figure I-2 Hustration of the far-field study area and relative location of the near-

field study area. The far-field stretches from the mouth of Delaware
Bay to Trenton, NJ. The Chesapeake-Delaware Canal (C&D Canal)
and lower portions of the Schuykill River are included.

Figure I-3 lustration of the near-field study area, in the vicinity of Artificial
Island. The near-field limits are defined by the “north boundary”
(north tip of Artificial Island to the southem tip of Reedy Island) and
by the “south boundary” (mouth of Hope Creek, NJ to Liston Point,
DE). The intake basin study area is shown close to the Station.

Figure I-4 Locations of long-term and synoptic (survey) observations relative to
the Station.

Figure II-1 Instrument and data systems for Vessel #1.

Figure II-2 Instrument and data systems for Vessel # 2,



Figure I[-3

Figure [1-4

Figure II-5

Figure II-6

Figure II-7

Figure I1-8

Locations of bathymetry survey transects near Artificial {sland.
Transect lines were spaced every ¥ mile from the north boundary to
the south boundary. Finer resolution spacing for the Salem cooling
water intake basin. i

Schematic of the ADCP mounted to the survey vessel. The ADCP

uses four independent beams to sense current velocity. Acoustic
signals are reflected from ambient sound scatterers in the water
column; comparison of the emitted acoustic frequency with the
backscattered frequency determines the doppler shift, proportional to
the relative speed of the sound scatterers to the ADCP transducers.
The motion of the vessel is subtracted from the current measurements
by acoustic “bottom-tracking.” The ADCP measures current profiles
(one current measurement per 50 cm depth bin) by “range-gating” the
backscattered acoustic signal. Trigonometric reduction of the four
independent beam measurements produces three (x-y-z) orthogonal
current velocity components.

Schematic of the ADCP shipboard system. The system features the
(submerged) ADCP instrument, deck unit, ADCP laptop computer,
GPS navigation device, and power.

Current vectors at the outer boundary of the intake basin as measured
by the ADCP for 0700 (EDT) and 0900 (EDT) on 25 April 1995.

Each arrow represents the speed and direction of the current. Black
arrows represent surface current, red arrows represent currents at mid-
depth, and yellow arrows represent current near the bottom. The
approximate location of the Salem cooling and service water discharge
plume is depicted as the yellow circle within the grid. The shoreline is
depicted by the black line to the night of the vectors.

Current vectors at the outer boundary of the intake basin as measured
by the ADCP for 0900 (EDT) and 1000 (EDT) on 25 April 1995.

Each arrow represents the speed and direction of the current. Black
arrows represent surface currents, red arrows represent current at mid-
depth, and yellow arrows represent current near the bottom. The
approximate location of the Salem cooling and service water discharge
plume is depicted as the yellow circle within the grid. The shoreline is
depicted by the black line to night of the vectors.

Current vectors at the outer boundary of the intake basin as measured
by the ADCP for 1100 (EDT) and 1200 (EDT) on 25 Apn! 1995.

Each arrow represents the speed and.direction of the current. Black
arrows represent surface currents, red arrows represent current at mid-
depth, and yellow arrows represent current near the bottom. The
approximate location of the Salem cooling and service water discharge



Figure 11-9

Figure II-10

Figure II-11

Figure I1-12

Figure [I-13
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plume is depicted as the yellow circle within the grid. The shoreline is
depicted by the black line to right of the vectors.

Current vectors at the outer boundary of the intake basin as measured
by the ADCP for 1300 (EDT) and 1400 (EDT) on 25 April 1995.

Each arrow represents the speed and direction of the current. Black
arrows represent surface currents, red arrows represent current at mid-
depth, and yellow arrows represent current near the bottom. The
approximate location of the Salem cooling and service water discharge
plume is depicted as the yellow circle within the grid. The shoreline is
depicted by the black line to right of the vectors.

Current vectors at the outer boundary of the intake basin as measured
by the ADCP for 1500 (EDT) and 1600 (EDT) on 25 April 1995.
Each arrow represents the speed and direction of the current. Black
arrows represent surface currents, red arrows represent current at mid-
depth, and yellow arrows represent current near the bottom. The
approximate location of the Salem cooling and service water discharge
plume is depicted as the yellow circle within the grid. The shoreline is
depicted by the black line to right of the vectors. :

Current vectors at the outer boundary of the intake basin as measured
by the ADCP for 1700 (EDT) and (800 (EDT) on 25 April [995.

Each arrow represents the speed and direction of the current. Black
arrows represent surface currents, red arrows represent current at mid-
depth, and yellow arrows represent current near the bottom. The
approximate location of the Salem cooling and service water discharge
plume is depicted as the yellow circle within the gnd. The shoreline is
depicted by the black line to right of the vectors.

Current vectors along a survey transect paraliel to the Salem cooling
water intake structure seawall as measured by the ADCP at 0740
(EDT) on 25 Aprit 1995. Each arrow represents the speed and
direction of the current. Black arrows represent surface currents, red
arrows represent current at mid-depth, and yellow arrows represent
current near the bottom. The approximate location of the Salem
cooling and service water discharge plume is depicted as the yellow
circle within the grid. The shoreline is depicted by the black line to
right of the vectors.

Current vectors along a survey transect parallel to the Salem cooling
water intake structure seawall as measured by the ADCP at 1040
(EDT) on 25 April 1995. Each arrow represents the speed and
direction of the current. Black arrows represent surface currents, red
arrows represent current at mid-depth, and yellow arrows represent
current near the bottom. The approximate location of the Salem
cooling and service water discharge plume is depicted as the yellow




Figure [1-14

Figure H-15

Figure lI-16

Figure UI-17

circle within the grid. The shoreline is depicted by the black line to

night of the vectors.

Current vectors along a survey transect parallel to the Salem cooling
water intake structure seawall as measured by the ADCP at 1340
(EDT) on 25 April 1995, Each arrow represents the speed and
direction of the current. Biack arrows represent surface currents. red
arrows represent current at mid-depth. and yellow arrows represent
current near the bottom. The approximate location of the Salem

.cooling and service water discharge plume is depicted as the yellow

circle within the grid. The shoreline is depicted by the black line to
right of the vectors. '

Current vectors along a survey transect parallel to the Salem cooling
water intake structure seawall as measured by the ADCP at 1640
(EDT) on 25 April 1995. Each arrow represents the speed and
direction of the current. Black arrows represent surface currents, red
arrows represent current at mid-depth, and yellow arrows represent
current near the bottom. The approximate location of the Salem
cooling and service water discharge plume is depicted as the yellow
circle within the grid. The shoreline is depicted by the black line to
right of the vectors.

Color plot of Upstream (top) and Cross stream (bottom) velocity along
a survey transect of the south near-field boundary as measured by the
ADCP at 0800 (EDT) on 26 April 1995. The plot depicts currents
through a cross section of the river; the Delaware shore is to the left of
the plot-and New Jersey to the right. The colorbar to the right indicates
the magnitude of the current. Positive upstream (flood) currents flow
away from the mouth of the Bay, negative (ebb) currents flow to the
mouth of the Bay. Positive cross stream currents flow toward the east
(New Jersey). The bottom contour of the river cross section is
represented in white. The vertical axis represents depth from the
surface of the water; the horizontal axis represents distance along the
transect. The data have been filtered to remove excessive
measurement noise.

Color plot of Upstream (top) and Cross stream (bottom) velocity along
a survey transect of the south near-field boundary as measured by the
ADCP at 0930 (EDT) on 26 Apnl 1995. The plot depicts currents
through a cross section of the river; the Delaware shore is to the left of
the plot and New Jersey to the right. The colorbar to the right indicates
the magnitude of the current. Positive upstream (flood) currents flow
away from the mouth of the Bay, negative (ebb) currents flow to the
mouth of the Bay. Positive cross stream currents flow toward the east
(New Jersey). The bottom contour of the nver cross section is
represented in white. The vertical axis represents depth from the

6



Figure 1[-18

Figure II-19

Figure 11-20
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surface of the water; the horizontal axis represents distance alony the
transect. The data have been filtered to remove excessive
measurement noise.

Color plot of Upstream (top) and Cross stream (bottom) velocity alony
a survey transect of the south near-field boundary as measured by the
ADCP at 100 (EDT) on 26 April 1995. The plot depicts currents
through a cross section of the river; the Delaware shore is to the left of
the plot and New Jersey to the nght. The colorbar to the nght indicates

. the magnitude of the current. Positive upstream (flood) currents flow

away from the mouth of the Bay, negative (ebb) currents tlow to the
mouth of the Bay. Positive cross stream currents flow toward the east
{New Jersey). The bottom contour of the river cross section is

. represented in white. The vertical axis represents depth from the

surface of the water; the horizontal axis represents distance along the
transect. The data have been filtered to remove excessive
measurement noise.

Color plot of Upstream (top) and Cross stream (bottom) velocity along
a survey transect of the south near-field boundary as measured by the
ADCP at 1230 (EDT) on 26 April 1995. The plot depicts currents
through a cross section of the river; the Delaware shore is to the left of
the plot and New Jersey to the right. The colorbar to the right indicates
the magnitude of the current. Positive upstream (flood) currents flow
away from the mouth of the Bay, negative (ebb) currents flow to the
mouth of the Bay. Positive cross stream currents flow toward the east
(New Jersey). The bottom contour of the river cross section is
represented in white. The vertical axis represents depth from the
surface of the water; the horizontal axis represents distance along the
transect. The data have been filtered to remove excessive

‘measurement noise.

Color plot of Upstream (top) and Cross stream (bottom) velocity along
a survey transect of the south near-field boundary as measured by the
ADCP at 1400 (EDT) on 26 April 1995. The plot depicts currents
through a cross section of the river; the Delaware shore is to the left of
the plot and New Jersey to the right. The colorbar to the right indicates
the magnitude of the current. Positive upstream (flood) currents flow
away from the mouth of the Bay, negative (ebb) currents flow to the
mouth of the Bay. Positive cross stream currents flow toward the east
(New Jersey). The bottom contour of the river cross section is
represented in white. The vertical axis represents depth from the
surface of the water; the horizontal axis represents distance along the
transect. The data have been filtered to remove excessive
measurement noise. :
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Color plot of Upstream (top) and Cross stream (bottom) velocity alony
a survey transect of the south near-field boundary as measured by the
ADCP at 1330 (EDT) on 26 April 1995. The plot depicts currents
through a cross section of the river; the Delaware shore is to the left of

-the plot and New Jersey to the right. The colorbar to the right indicates

the magnitude of the current. Positive upstream (flood) currents flow
away from the mouth of the Bay, negative (ebb) currents flow to the
mouth of the Bay. Positive cross stream currents flow toward the east
(New Jersey). The bottdom contour of the river cross section is
represented in white. The vertical axis represents depth from the

- surface of the water; the horizontal axis represents distance along the

transect. The data have been filtered to remove excessive
measurement noise.

Color plot of Upstream (top) and Cross stream (bottom) velocity along
a survey transect of the south near-field boundary as measured by the
ADCP at 1700 (EDT) on 26 April 1995. The plot depicts currents

“through a cross section of the river; the Delaware shore is to the left of

the plot and New Jersey to the right. The colorbar to the right indicates
the magnitude of the current. Positive upstream (flood) currents flow
away from the mouth of the Bay, negative (ebb) currents flow to the
mouth of the Bay. Positive cross stream currents flow toward the east
(New Jersey). The bottom contour of the river cross section is
represented in white. The vertical axis represents depth from the
surface of the water; the horizontal axis represents distance along the
transect. The data have been filtered to remove excessive

measurement noise.

Color plot of Upstream (top) and Cross stream (bottom) velocity along
a survey transect of the south near-field boundary as measured by the
ADCP at 1830 (EDT) on 26 April 1995. The plot depicts currents
through a cross section of the river; the Delaware shore is to the left of
the plot and New Jersey to the right. The colorbar to the nght indicates
the magnitude of the current. Positive upstream (flood) currents flow
away from the mouth of the Bay, negative (ebb) currents flow to the
mouth of the Bay. Positive cross stream currents flow toward the east
(New Jersey). The bottom contour of the river cross section is
represented in white. The vertical axis represents depth from the.
surface of the water; the horizontal axis represents distance along the
transect. The data have been filtered to remove excessive

measurement noise.

Location map depicting the CTD observation sites in the Delaware
Estuary. These were located on the north and south boundaries of the
near-field study area as well as the BN and BS CTD sites within the
intake basin. CTD profiles taken at these sites over tidal cycles were
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Figure II-26

Figure 1[-27

Figure 11-28

Figure II-29

Figure 11-30

ESbsts Permn Anp oo
< March poin
SO TE YIS T
used to develop an understanding of the spatial and temporal
variability of temperature and salinity in the Estuary.

Color time series plot of salinity variations at the BS site for 24 April
1995. Color indicates the magnitude of salinity represented by the
colorbar 1o the right. The vertical axis is depth from mean tide level.
The horizontal axis represents time of day (EDT). Tide elevation is
represented by the rise if the water surface as the day progresses.
Salinity begins to approach a maximum at high tide (1800).

Color time series plot of temperature variations at the BS site for 24
April 1995, Color indicates the magnitude of temperature represented
by the colorbar to the right. The vertical axis is depth from mean tide
level. The horizontal axis represents time of day (EDT). Tide
elevation is represented by the rise if the water surface as the day
progresses.

Color time series plot of salinity variations at the BN site for 24 April
1995. Color indicates the magnitude of salinity represented by the
colorbar to the right. The vertical axis is depth from mean tide level.
The horizontal axis represents time of day (EDT). Tide elevation is
represented by the rise if the water surface as the day progresses.
Salinity begins to approach a maximum at high tide (1800).

Color time series plot of temperature variations at the BN site for 24
April 1995. Color indicates the magnitude of temperature represented
by the colorbar to the right. The vertical axis is depth from mean tide
level. The horizontal axis represents time of day (EDT). Tide
elevation is represented by the nise if the water surface as the day

progresses. .

Sequential measurements of cross-stream variability of salinity at the
south boundary of the near-field study area from 0845 to 1135 on 27
April 1995. Each plot represents measurements at S1, S2, S3, and S4
sites for a single transect. The time of each transect is listed below the

plot referenced to Eastern Daylight Time (EDT). The plot represents a

coarse cross section of the river. Delaware shore is to the left, New
Jersey to the right. Tide elevation for the day is presented at the top of
the page in EDT.

Sequential measurements of cross-stream variability of salinity at the
south boundary of the near-field study area from 1240 to 1545 on 27
April 1995. Each plot represents measurements at S1, S2, S3, and S4
sites for a single transect. The time of each transect is listed below the
plot referenced to Eastern Daylight Time (EDT). The plot represents a
coarse cross section of the river. Delaware shore is to the left, New




Figure [I-31

Figure [1-32

Figure [I-33 -

Figure [I-34

Figure [I-33

Figure II-36
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Jersey to the right. Tide elevation for the day is presented at the top of
the page in EDT.

Sequential measurements of cross-stream variability of salinity at the
south boundary of the near-field study area from 0830 to 1140 on 27
April 1995. Each plot represents measurements at N1, N2, N3, and N4
sites for a single transect. The time of each transect is listed below the
plot referenced to Eastern Daylight Time (EDT). The plot represents a
coarse cross section of the river. Delaware shore is to the left, New
Jersey to the nght. Tide elevation for the day is presented at the top of
the page in EDT. '

Sequential measurements of cross-stream variability of salinity at the
south boundary of the near-field study area from 1240 to 1550 on 27
Apnl 1995. Each plot represents measurements at N1, N2, N3, and N4
sites for a single transect. The time of each transect is listed below the
plot referenced to Eastern Daylight Time (EDT). The plot represents a
coarse cross section of the river. Delaware shore is to the left, New
Jersey to the right. Tide elevation for the day is presented at the top of
the page in EDT.

‘Salinity Plot for South Basin CTD Deployment. Color time series plot

of salinity variations at the BS site for 20 June 1995. Color indicates
the magnitude of salinity represented by the colorbar to the right. The
vertical axis is depth from mean tide level. The horizontal axis
represents time of day (EDT). Tide elevation is represented by the rise

of the water surface as the day progresses. Salinity approaches a

maximum just past high tide (1900).

Temperature Plot for South Basin'CTD Deployment. Color time series
plot of temperature variations at the BS site for 20 June 1995. Color
indicates the magnitude of temperature represented by the colorbar to
the right. The vertical axis is depth from mean tide level. The
horizontal axis represents time of day (EDT). Tide elevation is
represented by the rise of the water surface as the day progresses.

Salinity Plot for North Basin CTD Deployment. Color time series plot
of salinity variations at the BN site for 20 June 1995. Color indicates
the magnitude of salinity represented by the colorbar to the right. The
vertical axis is depth from mean tide level. The horizontal axis
represents time of day (EDT). Tide elevation is represented by the rise
of the water surface as the day progresses. Salinity approaches a
maximum just past high tide (1900).

Temperature Plot for North Basin CTD DeploYment. Color time series

 plot of temperature variations at the BN site for 20 June 1995. Color

indicates the magnitude of temperature represented by the colorbar to

10
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Figure [[-38

Figure 11-39

Figure 1I-40

Figure 1I-41

PNEttr Permn Anoecaten

Pondibaey Bod-d

the right. The vertical axis i1s depth {from mean tide level. The
horizontal axis represents time of day (EDT). Tide elevation is
represented by the rise of the water surface as the day progresses.

Sequential measurements of cross-stream variability of salinity at the
mouth of Delaware Bay from 09235 to 1123 on 20 June 1995, Each
plot represents measurements at four sites for a single transect. The
time of each transect is listed below the plot referenced to Eastern
Daylight Time (EDT). The plot represents a coarse cross section of the
Bay. Lewes, DE is to the left, Cape May, NJ to the nght. The data
represents baseline salinity levels entering the system on this day.

Sequential measurements of cross-stream variability of salinity at the
mouth of Delaware Bay from 1245 to 1545 on 20 June 1995. Each
plot represents measurements at four sites for a single transect. The
time of each transect is listed below the plot referenced to Eastern
Daylight Time (EDT). The plot represents a coarse cross section of the
Bay. Lewes, DE is to the left, Cape May, NJ to the right. The data
represents baseline salinity levels entering the system on this day.

Sequential measurements of cross-stream variability of salinity at the
mouth of Delaware Bay from 1800 to 2000 on 20 June 1995. Each
plot represents measurements at four sites for a single transect. The
time of each transect is listed below the plot referenced to Eastern
Daylight Time (EDT). The plot represents a coarse cross section of the
Bay. Lewes, DE is to the left, Cape May, NJ to the nght. The data
represents baseline salinity levels entering the system on this day.

Sequential measurements of cross-stream variability of salinity at the
south boundary of the near-field study area from 0830 to 1250 on 22
June 1995. Each plot represents measurements at S1, S2, S3, and S4
sites for a single transect. The time of each transect is listed below the
plot referenced to Eastern Daylight Time (EDT). The plot of each
transect represents a coarse cross section of the river. Delaware shore
is to the left, New Jersey to the right. Tide elevation for the day is
presented at the top of the page in EDT.

Sequential measurements of cross-stream vanability of salinity at the
south boundary of the near-field study area from 1415 to 1850 on 22
June 1995, Each plot represents measurements at S1, S2, S3, and S4
sites for a single transect. The time of each transect is listed below the
plot referenced to Eastern Daylight Time (EDT). The plot of each

transect represents a coarse cross section of the river. Delaware shore

is to the left, New Jersey to the right. Tide elevation for the day is
presented at the top of the page in EDT.
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Sequential measurements of cross-stream variability of salinity at the
south boundary of the near-field study area from 0840 to 1235 on 22
June 1995, Each plot represents measurements at N1, N2, N3. and N4
sites for a single transect. The time of each transect is listed below the
plot referenced to Eastern Daylight Time (EDT). The plot of each
[ransect represents a coarse cross section of the river. Delaware shore
is to the left, New Jersey to the right. Tide elevation for the day is
presented at the top of the page in EDT.

Sequential measurements of cross-stream variability of salinity at the
south boundary of the near-field study area from 1420 to 1835 on 22
June 1995. Each plot represents measurements at N1, N2, N3, and N4
sites for a single transect. The time of each transect is listed below the
plot referenced to Eastern Daylight Time (EDT). The plot of each
transect represents a coarse cross section of the river. Delaware shore
is to the left, New Jersey to the right. Tide elevation for the day is
presented at the top of the page in EDT.

Location of SP2200 Tide gauges in the near-field study area. Data
were recorded at these locations from 29 March 1995 to 24 July 1995.

Time series of tidal elevations at four locations in the Delaware
Estuary system from 29 March 1995 (Julian day 88) to 24 July 1995
(Julian day 205). Elevations are referenced to NAD 88 (North
American Datum 1988). The gap in data represents the instrument
turnaround operation performed 3—4 May 1995. '

Time series of water temperature at four locations in the Delaware
Estuary system from 29 March 1995 (Julian day 88) to 24 July (Julian
day 205).

Location of SP2000 current meter tripods in the near-field area. Data
were recorded at these locations from 29 March 1995 to 26 June 1995.

A schematic of the SP2000 current meter tripods illustrating location
of the current sensor off the estuary bottom. '

Polar plots of currents at four locations in the Delaware Estuary system
from 29 March 1995 to 19 May 1995. The spokes of the plot indicate
direction of the current; the concentric circles represent speed of the
current. Units of speed are cm/sec. The currents are measures two
meters off the river bottom. :

Polar plots of currents at four locations in the Delaware Estuary system
from 18 May 1995 to 26 June 1995. The spokes of the plot indicate
direction of the current; the concentric circles represent speed of the
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current. Units of speed are cm/sec. The currents are measures two

“meters off the river bottom.

Time series of the upstream component of current velocity at four
upstream locations in the Delaware Estuary system from 29 March
1995 (Julian day 88) to 26 June 1995 (Julian day 177). Positive
upstream currents flow approxxmately in the northerly direction. Units
of velocity are cm/sec.

Time series of the cross-stream component of current velocity at four
upstream locations in the Delaware Estuary system from 29 March
1995 (Julian day 88) to 26 June 1995 (Julian day 177). Positive
upstream currents flow approximately in the northerly direction. Units
of velocity are cm/sec.

Schematic of the Real Time System (RTS) oceanographic mooring.
Two instruments, SN2043 at the top and SN2045 at the bottom,
transfer data to the shore station computer through the transfer cable
along the estuary bottom. The system was installed 3 May 1995 and in
Spring 1996.

Polar plots of currents as measured by the Real-Time System current
meters. The spokes of the plot indicate direction of the current;
concentric circles represent speed of the current. Units of speed are
cm/sec. SN2043 (top) gauge currents were approximately 26 feet off
the bottom; SN2045 (bottom) currents were measured approximately 6
feet off the river bottom. '

Time series of east and north components of velocity and water salinity
as measured by SN2043 (top) gauge of the Real-Time System from 16
May 1995 to 5 July 1995.

Time series of east and north components of velocity and hydrostatic
pressure as measured by SN2043 (top) gauge of the Real-Time System
from 16 May 1995 to 5 July 1995. Pressure (tide) in units of PSL

Wind speed and direction at Artificial Island 29 March 1995 to 24 July |

1995.

Wind speed and atmospheric pressure at Artificial Island 29 March
1995 to 24 July 1995.

Wind speed and direction at Artificial Island 29 March 1995 to 24 July
1995.

Wind speed and atmospheric pressure at Artificial Island 29 March to
24 July 1995.
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[. INTRODUCTION

Between March and July 1995, Aubrey Consulting. Inc. (ACI) conducted a large-scale
hydrodynamic survey of the portions of the Delaware Estuary surrounding the Salem
Generating Station. The data collected during this period were used to generate a three-
dimensional model of flow patterns near the Station. This survey was performed in
response to the accumulation of detritus in the cooling water intake systems during the
spring of 1994,

These data collected in 1993, in addition to providing bathymetric information, have been
used for comparison to those portions of the data set, collected by Lawler, Matusky and
Skelly Engineers (LMS) for the 1998 Modified Thermal Monitoring Program, that related
to physical processes.

This attachment summarizes the data collection program. Details can be found in the
complete report issued by Aubrey Consulting, Inc. 1995.

LA. Objecuves
The Station is located adjacent to the Delaware Estuary (Figure I 1), and utilizes Estuary
water for its service water system (SWS) and circulating water system (CWS). The goal
of the study was to produce comprehensive information about the hydrodynamics in the
portion of the Estuary surrounding the Station. Especially detailed information was
sought in the area near the intake structures and discharge piping where the converging
estuarine, tidal, and Station-generated flows create complex hydrodynamic interactions.

Field observations included local observations of wind patterns, tidal elevations, currents,
temperature, and conductivity (a surrogate for salinity). Appropriate data collection
techniques were employed, including shipboard measurements, in-situ instrument
deployment, and real-time data acquisition. This report summarizes the field
methodologies as well as the resulting data files. It details the types of data acqu1red the
collection intervals, data quality indicators, data transformation procedures, and the
formats used. to store the data and generate data displays.

I.LB. Scope
Data coliection took place within three defined regions: the far-field, near-field, and the
vicinity of the Station. Note that the far-field and near-field designations differ from
those used in the 1998 LMS study. The 1995 study being presented here was intended to
describe circulation patterns, whereas the 1998 LMS study was focused on thermal plume
transport, and these different objectives led to different study area delineation.

The far-field region contained the entire Estuary from the mouth of the Estuary to

Trenton, NJ, including the Chesapeake and Delaware (C&D) Canal and lower portions of
the Schuylkill River (Figure I-2). Rivers and streams that contributed less than 3% total
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freshwater inflow to the Estuary system were not included. For the far-field region data
from other sources such as NOAA and USGS were included in the analysis.

The near-field region was defined as an approximately five-mile portion of the Estuary
surrounding the Station. Its northern boundary was a line stretching across the Estuary
between the northern tip of the area known as Artificial Island (where Salem is located)
and the southern tip of Reedy Island. [ts southern boundary stretched from the mouth of
Hope Creek. NJ 1o Liston Point, DE (Figure [-3).

The vicinity of the Station is the tegion surrounding the Station’s intake structures and
discharge pipes (Figure I-3). This was the area for which the greatest detail of
hydrodynamic circulation was sought.

The sensor systems used to collect data were technologically sophisticated and well-
validated. They included current meters, tide gauges, Acoustic Doppler Current Profilers
(ADCPs), salinity and temperature gauges, a fathometer, GPS (Global Positioning
System) location devices and real-time atmospheric monitoring systems.

Ship-based observations were made during four surveys conducted from April to July
1995. In situ sensors were deployed between March 1995 and July 1995, and real-time
acquisition of meteorological and river data continued throughout the project.

Figure -4 shows the sensor deployment in the vicinity of the Station. Although sensors
were deployed from the mouth of the Estuary to the southern end of the C&D Canal. most
were centered around the vicinity of the Station.

Shipboard measurements included bathymetry, (broadband) ADCP, Conductivity-
Temperature-Depth (CTD) measurements, and GPS-based location determinations for
navigation. Shipboard data collection occurred principally in the near-field and the
vicinity of the Station. High-resolution hourly measurements during full tidal cycles
(approximately 12.4 hours) were obtained along the north and south boundaries of the
near-field region, along the boundary of the vicinity of the Station, and along a northwest
transect from the mouth of the Estuary to the Station.

The in situ data collection effort focused on current and tide measurements.
Instrumentation included bottom-mounted current meters, high-resolution tide gauges,

and real-time current monitors.

In situ current meters and tide gauges were deployed on each side of the Estuary at both
the north and south boundaries of the near-field region.

In situ observations were begun in late March 1995 while Eastern Standard Time (EST)
was in effect. The shipboard surveys were performed from April to June, after the shift to
Eastern Daylight Time (EDT). The time standard in effect at data collection was retained
in the raw data to reduce confusion. When two data sets were compared, all times were
converted to EST. Data collection methods are described in greater detail below.
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[1. SHIPBOARD DATA COLLECTION

Four ship-based surveys were conducted during the spring and early summer, between 10
April and 23 June 1995 (Table [I-1). Current, temperature. and salinity profiles were
collected along the north and south boundaries of the near-field region as well as within
the vicinity of the Station. Bathymetry information was collected throughout the near-
field region. ‘

Two vessels were employed. Vessel | was a shallow-draft, 22-foot vessel, equipped with
a fathometer and CTD profiler and Vessel 2 was a 25-foot Parker, equipped with an
ADCP and CTD profiler.

Both vessels carried GPS-based navigation systems to pinpoint positions of the acquired
data. Instrument system schematics for the two vessels are shown in Figures II-1 and [1-2.

Vessel | was designated a roving data collection platform, and fitted for specialized
monitoring. [t was used to generate a high-resolution bathymetry survey of the near-field
region during the first survey period (Survey 1). Vessel 1 also was used to measure
temperature and conductivity (CTD) profiles at the mouth of the Estuary during a
complete tidal cycle to determine levels of salinity entering the system from the open
ocean. In addition, the vessel was used to measure salinity levels from the mouth of the
bay to the Station and back, to characterize the effects of vertical interactions as ocean

. tides meet the fresher water discharged from the Estuary during the early spring. These

specialized surveys were performed only once.

CTD data were also collected aboard Vessel 1 in surveys conducted simultaneously with
Vessel 2 along the near-field boundaries. During these surveys Vessel | traversed the
northern boundary while Vessel 2 traversed the southern boundary.

Vessel 2 was designated for the regular monitoring of currents, temperature, and
conductivity along the northern boundary of the near-field, the southern boundary of the
near-field, and in the vicinity of the Station..

Each boundary was surveyed throughout an entire tidal cycle. For instance, the first
survey day focused on the northern boundary region. The following day, the southern
boundary was monitored. The third and fourth days centered on the vicinity of the
Station. The fifth day was reserved for completing observations that were missed earlier
because of weather and/or technical difficulties.

To assure data consistency, the following procedures were adopted. Each survey line was
always traversed in the same direction. The north boundary transect extended from the .
New Jersey shore at the northern tip of Artificial Island to the southern shore of Reedy
Island, DE, and was always traversed from New Jersey to Delaware. The south boundary
line stretched from the mouth of Hope Creek, NJ, to the Delaware shore near Liston
Point. That line was always traversed from Delaware to New Jersey. North boundary
transects, repeated hourly, were completed in approximately 25 minutes. Due to greater
length, south boundary transects, repeated every 1.5 hours, were completed in
approximately 50 minutes. For the vicinity of the Station region, the outside boundary
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took approximately 45 minutes to traverse and the inner boundary {parallel to the
Station’s cooling water intake seawall) took approximately 3 minutes. Both transects in
the vicinity of the Station were repeated every 1.5 hours. During their return to the
transect origin, the vessels conducted CTD profiling (see Section I1.C).

[n order to accurately determine spatial variations in the Estuary’s flow patterns. it was
essential to obtain precise and accurate positioning information for every piece of data
recorded on each vessel. For this purpose, an integrated navigation system was utilized.

At the core of the navigation system was a HYPACK® software package [Version 2]
(Coastal Oceanographics, Inc., Middletown, CT) installed on a portable 486 laptop
computer. This software displays real-time differential GPS positioning information. In
addition, it assists with transect line design, horizontal datum choice, choice of data
sampling rates, and graphical displays.

Fundamental to the resulting survey quality is the understanding of the horizontal datum
used for positioning. All surveys were conducted using the World Geodetic Survey 1984
(WGS-84) horizontal datum as the baseline reference (expressed in U.S. survey feet).
The Universal TransMercator (UTM) projection was used to generate x-y pairs from
latitude/longitude pairs. Digitized maps of the survey area were input and displayed on
the computer screen. Survey lines were then developed, either by the HYPACK®
software as start/end points identified on the digitized map, or manually entered as

" latitude/longitude pairs:

The majority of GPS and other marine devices share electronic information using the
National Marine Electronic Association’s interfacing standards (NMEA-0183). The
HYPACK® software automated the entry of requisite NMEA-0183 transfer codes and
specifications assuring uninterrupted and accurate data transfers. Typically an RS-232
serial line was used for inter-device communications.

The GPS device used in this study was a Northstar 941X with differential beacon receiver
(Northstar Technologies; Acton, MA). Technical specifications for the unit are listed in
Postscript AA. During these surveys, GPS data were updated to the computer every two
seconds. GPS satellite signals are broadcast by the Defense Department with a built-in
dither designed to purposely degrade the accuracy and repeatability of positioning
information. To address this, differential corrections are broadcast over radio frequencies
from towers built along the coastline. Positions recorded with differential corrections are
accurate to within 20 feet 95% of the time; without differential corrections, accuracies are
on the order of 300 feet. Radio reception can be reduced by atmospheric static (e.g.,
thunderstorms) or physical obstructions. During the Estuary surveys, differential
reception and, hence, positioning accuracy was occasionally lost for periods ranging from
five seconds to several minutes. These losses were manifested as “differential jumps” in
the transect tracklines. Such “jumps” were edited from the records during post-
processing. S

In addition to pinpointing data locations, the GPS navigation system helped keep the
survey vessels on course. As the vessel moved across the estuary, the cursor moved in
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real time across the digitized map on the computer screen. Slight deviations from the
transect line could be corrected immediately.

The GPS data were uploaded to both the HYPACK® PC and the ADCP laptop PC (see
Section I1.B.2). Navigation data uploaded to the HYPACK?® computer were stored in
raw data files containing time, latitude. longitude, and x-v position pairs. The raw data
were stored in ASCII format. The header described the survey parameters (e.g., data,
surveyor, devices used). Succeeding data rows were preceded by a data type identifier:
RAW for latitude/longitude pairs. POS for x-y positioning pairs, EC1 for echosounder
data (if used), TID for tide data (if used), and FIX for event mark. The computer clock
time was included for each data event.

Duning post-processing, ACI combined the x-y position pairs. with time data and, if
available, depth measurements. File-naming conventions were developed and applied
automatically to both raw and processed data files. The raw file convention was as
follows: (transect line number)(start time)(vessel)(survey) (day). For example, raw data
file 001 1642.114 references data from transect line 001 begun at 1642 (4:42 PM) by
Vessel 1, during Survey 1, day 4.

In the following Sections, references to navigation log (*.LOG) files refer to the daily list
of HYPACK® raw navigation data files generated for a specific survey day. The
processed navigation files (x-y-time) were named according to conventions developed for
the ADCP (see Section [I.C.4.a). Specifically (Navigation Files Prefix) (Survey) (day)
(transect line number) DAT. Thus NAV22011.DAT references the processed navigation
file (NAV) for Survey 2, day 2 (22), conducted along transect line number 11 (011). The
DAT suffix indicates this is a datafile. :

ILA. Bathymetry '
A bathymetric survey was performed to measure depths in the near-field region between
10 and 12 April 1995 during Survey 1, using a vessel-mounted Si-Tex AVS-106
fathometer (Si-Tex Marine Electronics; St. Petersburg, FL). The system is capable of
surveving depths as shallow as 2.0 feet with 0.10 foot resolution. Fathometer data were
uploaded to the HYPACK?® system and combined with GPS positioning information
every 4.6 seconds. Specifications for the Si-Tex fathometer are listed in Postscript A.
Vessel 1 was fitted for high-precision bathymetric measurements in both the deeper and
shallower areas of the Estuary.

The bathymetric survey consisted of survey lines every quarter mile, running from west to
east across the Estuary. These survey lines were approximately five miles long and
extended from the north near-field boundary to the south near-field boundary. In
addition, detailed bathymetry data were collected around Alloway Creek, Augustine
Creek, Appoquinimink River, Blackbird Creek, and Hope Creek Jetty (Figure II-3).

On 14 April 1995, a high-resolution precision survey measured depths in the vicinity of

the Station. Survey lines were spaced 50 feet apart with the southemn portion of the line
extending 300 feet beyond the intake location and the northern portion extending 300 feet
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beyond the discharge location. A survey of Sunken Ships Cove was combined with the
survey of the vicinity of the Station, with lines spaced 100 feet apart and overlapping
those for the vicinity of the Station survey.

[1.B. Acoustic Doppler Current Profiling
The region of the Estuary surrounding the Station has intricate flow and circulation
pattems resulting from both its natural geography and the proximity of large manmade
obstructions (Sunken Ships Cove and Hope Creek Jetty). Because single-point current
measurements would be inadequate, an acoustic Doppler current profiler (ADCP) was
mounied aboard Vessel 2 to augment current observations and enhance understanding of
Estuary geography. Vessel 2 recorded ADCP measurements while regularly traversing
predefined sections of the Estuary at 60- or 90-minute intervals during complete tidal
cycles of 12.42 hours. The resulting current measurements were used in concert with data
from the moored current meters to analyze flow patterns in the vicinity of the Station.

I1.B.1. Instrument System Description
An ADCP measures current flow by comparing high-frequency acoustic signals
transmitted through the water column with the returned signal (backscattered echo). A~
single-frequency pulse (in this study, 1200 kHz) is emitted from a transducer at the
surface. As the signal moves through the water column, it is reflected back toward the
transducer by ambient scattering materials such as plankton, suspended particles, bubbles,
etc. travelling through the water at the same speed as the current. The frequency of the
reflected acoustic signal is compared to the frequency of the emitted signal, and the
difference in frequencies (the Doppler shift) is directly proportional to the relative speed
at which the scattering materals (thus, the current) are moving either toward or away
from the transducer (Figure II-4).

The 1200 kHz ADCP employed in the survey was manufactured by RD Instruments
(RDI) of San Diego, California [Model #BB DR1200]. The instrument consisted of four
transducers placed 90 degrees apart in the honzontal plane and directed 20 degrees from
the vertical axis. The ADCP profiled the entire water column by obtaining multiple
independent measurements of water velocity at varying depths from the transducer.

The ADCP processes the backscatter echo frequency for each transducer, developing four
independent velocity measurements. These independent velocities are then
trigonometrically transformed to produce three orthogonal velocity vectors: two
horizontal and one vertical for this calculation. Because only three beams are required for
this calculation, the fourth beam is used to check data quality.

Depth profiles are obtained by “range-gating” the backscattered pulse, i.e., by turning the
receiver on and off (gating) at regular intervals after the original pulse is emitted. Gating
the return echoes creates discrete sections of the water column called depth bins. The
duration of the on-off sequencing will determine the size or range of each depth bin.

Typically, a 1200 kHz ADCP can measure current speeds in depth bins as small as 25

centimeters. For this program, depth bins were set at 50 centimeters. As a result, three
0 velocity vectors were measured for every 50-centimeter increment of the water column.
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However, practical limitations (e.g.. interference at both the transducer site and art the
bottom) mean that accurate velocities can only be obtained starting 2 minimum of 50
centimeters from the transducer and ending 50 centimeters above the bottom.

The ADCP measures water velocity relative to the transducer. For a shipboard-mounted
ADCP. the velocity of the transducer must be subtracted from the water velocity
measurements. This is accomplished by using the Doppler shift principle to measure the
velocity of the transducer relative to the bottom. Interleaving water track pulses with
bottom track pulses allows the instrument to accurately measure current velocities
independent of the motion of the transducer. The effects of incidental vessel motions,
such as pitching and rolling in surface waves, are addressed by using an internal compass
and tilt sensors.

Accuracy depends primarily on the size of the depth bin. The larger the depth bin (i.e.,
the longer the receiver gate remains open), the longer. the echo record used to calculate
the Doppler frequency shift and the more likely velocity measurements will approximate
the true flow. Accuracy is also enhanced by the averaging of several successive single
pulses, termed an ensemble. For the surveys in the Estuary, each ensemble consisted of
five water track pulses and four bottom track pulses emitted over a 4- to 4.5-second
period. The standard deviations of the current measurements are aiso indicative of the
ADCP accuracy. Large depth bins and multiple pulse ensembles reduce variability in the
data and thus reduce standard deviations. For this study, standard deviations of current
measurements were on the order of 2-3 crm/sec. More information on ADCP operation is
contained in Postscript B.

1I.B.2. Data Collection T, echmques
The ADCP was mounted to the stern of Vessel 2 on a rigid bracket. The instrument was
directed downward, with the transducers approximately 25 centimeters below the water
surface. Data and power were transferred from a deck unit installed within the vessel
cabin. Power was supplied at 110 VAC from a portable generator. The instrument
system schematic is depicted in Figure II-5. A laptop PC controlled data sampling
configurations (e.g., depth bin size, ensemble averaging, water track and bottom track
modes), instrument testing and initialization, and the start/stop of data logging.

Differential GPS data were logged directly through a serial port on the ADCP PC and
saved as separate files independent of HYPACK® navigation data. Latitude/longitude
pairs were logged together with ADCP ensemble number and computer clock time (in
number of seconds after midnight; for example, 12:00 noon appeared as 43200). Due to
ease of use, the HYPACK® -generated navigation (x-y-time) files were used for primary
positioning information, while the ADCP-generated navigation (1at1tude longitude-time)
files were used for positioning quality control.

The current data for each ensemble (depth bin location, east and north components of
velocity, vertical velocity, error velocity, speed, and magnitude) along with instrument-
related information (individual beam echo intensities, water temperature, instrument time,
tilt, heading and water depth) were stored in binary format in the raw data files.
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II.B.3. File-Naming Conventions .
The automatic file-naming convention for the ADCP data was as follows: (survey
number)(survey day)(transect line number)(file tvpe code).{file-size sutfix). The first
three characters denote the survey number; for example. Survey 4 was SV4. The fourth
character represents the survey day (1 through 5). Thus SV11 would represent the first
day of the first survey

Transect line numbers are shown in the next three characters. Each day’s transects were
numbered sequentially (001, 002, etc.) and automatically updated each time the file was
opened. On occasion, files were opened and, for various logistical reasons, closed
immediately, resulting in a gap in the sequential order of line numbers. No ADCP
transect data were lost because of such numbering gaps.

The file type identifier is the last character file name. An "R" denotes a raw data file. An
"N" denotes a navigation file.

The file-name extension indicates the size of the file. Due to the large volume of data
generated during each transect, when files exceeded 200 kilobytes, data were rolled over
into another data file. The first 200 kbytes of data are labeled with a .000 suffix; the
second 200 kbytes of data are labeled with a .001 suffix. The file rollover was seamless,
meaning no data were lost. This feature eased data handling by breaking data files into
smaller, more manageable blocks.

As examples, _

» File SV44005R.000 contains the first 200 kbytes of raw ADCP current data (R.000), .
collected on Survey 4, day 4 (SV44), during the transect of line number 5 (005).

. File SV15010N.00! contains the second 200 kbytes of ADCP navigation data (N.001)
collected on Survey 1, day 5 (SV15) during the transect of line number 10 (010).

IL.B.4. ADCP Data Processing
ADCP data were processed for Survey 1, day 4; Survey 2, days 2, 3, and 4; Survey 3, day
2; and Survey 4, days 2, 4, and 5 (Table II-2). These were the only days that data
collection spanned the complete 12.4 hour tidal cycle. Post-processing of the ADCP data
was accomplished using BBLIST® (RDI Instruments) and MATLAB?® [Version 4.2} a
software package by MathWorks, Inc. (Natick, MA). MATLAR? files (or .mfiles) were
used to create current direction/velocity vectors and color plots of the data (see Section
II.B.5).

, [IB.4.a. Step One: Data Reformatting
In order to be readable by the MATLAB® program, the raw ADCP data had to be
converted from binary to ASCII format. The volume of information contained in the raw
files was enormous, much of it, such as instrument settings, secondary to current
observations.

ACI used the RDI program, BBLIST®, to customize the ASCII output. Three different
ASCII output formats were created to meet different analytic and display requirements.
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In each format, data fields are identified by the ensemble number followed by the
required information.

[n the first format, raw ADCP data generated on the north and south boundaries were
reformatted to include ensemble number, Julian day (the calendar day numbered
sequentially from January 1*; e.g., February 23" would be Julian day 54), and water
temperature, along with depth profiles of east and north current velocity-components,
current speed. and current direction. One data field was created for every recorded
ensemble. Each field consisted of 31 lines of data.

The first line contains 3 data values: ensemble number, time in decimal Julian days (the
Julian day is numbered consecutively from January 1*' and the decimal shows the time as
a fraction of 24 hours; thus, April 11 at 15:12:32.5 EDT is decimal Julian day
101.63371), and water temperature in degrees C. The next 30 lines represent current

_ measurements at each.depth bin. The first column of lines 2 through 31 represents the
center depth (in meters) of each depth bin. The top bin corresponds to a volume of water
1.5 meters to 2.0 meters from the surface and is represented as 1.75 meters. The bottom-
most depth bin represents a volume of water 16.0 meters to 16.5 meters and is
represented as 16.25 meters. The second through fourth columns represent east
components of current velocity, north components of current velocity, and current speed,
all in cmy/sec. The fifth column indicates current direction, measured in degrees from due
north.

Data lines 32 through 63 represent data corresponding to the second ensemble of the data
file, and so on to the end of the file. No headers appear in the data file to identify the data
field. Table II-3 shows an example of a single data field representing data for ensemble
number 112 taken on Julian day 101.63371 (11 April 1995 at 15:12:32.5 EDT).

Estuary u.,.:hs in the survey areas never exceeded 14.0 meters. Hence, a depth threshold
for range-gating was set at 16.5 meters (i.e., the instrument wouldn't listen for returns
beyond 16.5 meters), to assure the ADCP would always range to the bottom. Data below
the actual bottom are set at 9999.0 and are eliminated during data processing.

Data generated along the vicinity of the Station boundary were displayed as vectors
(arrows) representing speed (length of the arrow) and direction (direction of the arrow).
Because these data took a different form in the display, the data were formatted slightly
differently. '

The first line included ensemble number, decimal Julian day, water temperature in
degrees C, followed by four data values representing the depths of each of the transducer
beams. Because the beams were angled 20 degrees from the vertical, and bottom
topography varied, each beam measured a slightly different depth. An average of the four
beam depths was calculated as the ensemble (or average) depth.

Lines 2-31 again reference depth profile measurements. The column identifiers are depth

bin, east velocity, north velocity, speed, direction, error velocity, and “percent good™.
Error velocity and percent good are data quality indicators. Error velocity is calculated
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using the redundant fourth transducer beam. comparing velocity measurements between
ditferent beam combinations. Percent good indicates the number of pulses that used all
four beams to calculate accurate velocities (as opposed to the three required). Percent
good values are generally 100, except near the bottom where some pulses became
contaminated by bottom interference. Values of 60% or 40% (meaning 3 out of S or 2
out of 3 water track pulses used 4-beam solutions) are common in near-bottom bins. If
percent good values fell below 80% then the data were ignored.

The third ASCII output format was designed to verify the data quality. Included were
quality indicators such as beam echo strengths, pulse-to-pulse correlation magnitude,
error velocities (based on the redundant fourth transducer beam méasurements), and
statistical indicators. ’ :

Significant variations in data can result from both true Estuary behavior or from
measurement inaccuracies due, for example, to excessive surface vessel motion, wake
near the transducer at high vessel speeds, or acoustic contamination from nearby
electronic instruments. Evaluating error veiocities concurrently with observed current
velocities will help distinguish between real variability and measurement error. Simply
put, if error velocities are within two calculated standard deviations, the observations are
good. If error velocities lie outside two standard deviations, the measurements are most
likely contaminated by external factors.

The following are file-naming conventions and examples of reformatted ADCP data ﬁles..
(Survey)(day)(transect line)(ADCP site). DAT

Thus file SV44005A.DAT contains reformatted ADCP data (.DAT) from Survey 4, day 4
(SV44) collected during the transect of line 5 (005) at either the north or south boundary
of the near-field (A is used for both boundaries). Similarly, the reformatted file
SV14004B.DAT contains ADCP data collected during Survey 1, day 4 (S§V14) during the
transect of line 4 (004) at the basin site (B).

IIB.4.b. Step Two: Merging Acoustic Doppler Current Profiler and
Navigation Data
As noted above, the HYPACK ® generated navigation data proved easier to use than the
ADCP-recorded information. Not only were the HYPACK?® x-y pairs numerically
simpler than the ADCP-generated latitude/longitude pairs, but the HYPAC K®-generated
data were formatted in columns, whereas the ADCP navigation file format used
irregularly spaced rows, that made using the data more difficuit.

A time-stamping method was used to match each ensemble with a specific x-y position
pair. This method assumes that both the ADCP system clock and the HYPACK® system
clock were synchronized perfectly throughout the survey. This was not always the case,
because there was an offset between the two clocks which varied from day to day
primarily due to inherent delays in the ADCP time command. Time differences between
the two system clocks were as small as two seconds and as great as 90 seconds. To avoid
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difficulties during post-processing, time differences were monitored and documented
manually several times during the survey.

The times were also synchronized by simultaneously sending a GPS signal to both the
ADCP and HYPACK® computers at the beginning and end of each survey. The clock
nmes assigned by each computer system to the test GPS position were compared, and
appropriate time corrections were applied to that survey's data. Once times were
corrected and synchronized. each ADCP ensemble (ensembies were separated by 4-4.5
seconds) was merged with the closest HYPACK® time data (where each x-y pair was
separated by 2 seconds). '

[1.B.4.c. Step Three: Data Transformation
The along- and cross-river components of velocity usually represent more accurately the
structure of water currents, particularly in rivers or estuaries that are not strictly oriented
in a north-south/east-west direction. The data were therefore transformed from an earth-
based (east and north) coordinate system to a locally based (upstream and cross-stream)
coordinate system. Currents moving upstream (i.e., when the tide floods the Estuary)
were characterized as positive, ebbing currents (i.e.. flowing toward the mouth of the
Estuary) were deemed negative. Positive cross-stream currents flowed toward New
Jersey from the Delaware shore. Long-term current measurements are described in detail
in Section II1.B.

Cross-river transects on the north and south boundaries contained noise, i.e., high-
frequency variability from one ensemble to the next, which sometimes obscured subtle
variations in Estuary currents. This was addressed using a moving triangular filter
applied across all data values.

The filter took the first seven values and weighted the center (fourth) value at 100% of its
full value, adjacent values (third and fifth) at 75%, twice-removed values (second and
sixth) at 50%, and thrice removed values (first and seventh) at 25%. The values they

. obtained were then summed and divided by four, in order to obtain a weighted average -

for these seven values. The same process was then carried out for the second through
eighth values, and so on for the remainder of the data set.

The filter was applied to all ADCP current ensembles. The filter extended approximately
100-130 feet on each side of the central data value. The filter reduced the effect of small-
scale physical oscillations of the current on the displayed data, bringing the large-scale
characteristics of Estuary flow into clearer focus.

Two types of spatial averaging also were performed. The first consisted of reducing the
current profiles to a limited number of vectors, in order to reveal the general structure of
Estuary flow. Eleven points were defined on each of the north and south near-field
boundaries, and a single current velocity was calculated for each point. To do this,
several hundred ADCP ensembles were averaged both vertically and horizontally. The
vertical average for the water column at a given location was the average of all current
measurements at each of its depth bins. The horizontal average was performed by

* breaking the transect into 11 blocks, each consisting of all the ensemble positions within
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it. The number of ensembles assigned to each block varied by transect. This procedure
resulted in one spatially-averaged current vector for each of the 22 points.

The second averaging scheme was used to visualize more clearly vertical variations in
flow. Current profiles along the vicinity of the Station grid were reduced to five vertical
layers. No horizontal averaging was performed, that is, all ensembles were represented.
First, total water depth was established by averaging the four individual beam depths.
The top layer was defined as data values within the, first 12.5% of depth, the second layer
was between 12.5% and 37.5% of the total depth, the third (or middle) laver 37.5% to
62.5% of the depth, the fourth layer was from 62.5% to 87.5%, and the bottom layer was
from 87.5% to 100% of the total water depth.

For shallow areas, for example, Sunken Ships Cove, where depths are 3-7 feet, only one
to two vahd depth bins were recorded. In such areas, only the top and bottom layers were
used. If three or four valid depth bins were available, the top, middle (average of the
second and third valid data points), and bottom layers were presented. Valid bins
numbering five or more were averaged as described above.

The results of this layering approach were plotted as colored arrows originating ata
known x-y location. The plots illustrate the vertical variation of current in areas in the
vicinity of the Station.

IL.B.5. Sample Plots
Figures 1I-6 through [I-11 show the velocity/direction vectors around the vicinity of the
Station boundary for 25 April 1995 at 0700 to 1800 hours (survey 2, day 2). The figures
portray the speed and direction of the currents for the top, middle, and bottom depth
layers. The locations of the CWS and discharge pipes are shown in yellow.

Figures [I-12 through II-15 show the velocity/direction vectors along a transect parallel to
the intake structure screens for 25 April 1995 at 0740, 1040, 1340, and 1640 hours. The
figures show the velocity and direction of the currents for the top, middle, and bottom
depth layers as well as the location of the thermal plume.

Color plots, as described above, are shown in Figures [I-16 through II-23 for 26 April
1995 at 0800, 1100, and 1400 hours. The plots represent flow through a cross section of
the Estuary. A color scale represents the speed of the current in crm/sec. Estuarine flow is
running upstream at 0800 (yellow/orange). When the velocity is negative (blue), as it is
at 1400, the currents are running downstream.

II.C. Conductivity, Temperature, and Depth Measurements
Conductivity, temperature, and depth (CTD) data were required to map the spatial and
temporal distribution of salinity and temperature throughout the Estuary.

II.C.1. System Description
Salinity and temperature profiles were measured using a Micro-CTD manufactured by
Falmouth Scientific, Inc. (FSI, Cataumet, MA). The unit measures conductivity, from
which salinity is inferred. An inductive cell allows the free flow of water through the
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sensing element. reducing the response delays and electrode fouling problems
characteristic of traditional conductivity sensors. Temperature was measured using a
highly accurate platinum resistance thermometer (£0.005°C). Depth was measured by a
titanium strain gauge pressure sensor (0-200 dbar range with an accuracy of £0.13% full
. scale). The unit was self-contained and used replaceable battery packs. An internal
memory module held | megabyte of data. The electronics were housed in a Delrin
(plastic) pressure case protected by a stainless steel cage. Spemﬁcanons for the FSI
Micro-CTD are shown in Postscript C.

A laptop PC fitted with FSI software and a generic terminal emulator comrolled ’
communications to and from the instrument.

I[1.C.2. Data Collection
The CTD data were collected aboard both survey vessels. Vessel | tracked from the
mouth of the Estuary to the Station on 19 June 1995, measuring CTD profiles at 20
locations spaced approximately one mile apart. CTD profiles were obtained at four sites
at the mouth of the Estuary during a single tidal cycle on 20 June 1995. Vessel 1 also
monitored four sites along the southern near-field boundary (S1, S2, S3, and S4) during a
full tidal cycle on 27 April and 22 June 1995 (Figure [1-24). :

On the same two days Vessel 2 simultaneously measured CTD profiles at four sites along
the north near-field boundary (N1, N2, N3, and N4). Measurements by the two vessels
were synchronized and were obtained at evenly spaced time intervals throughout the
monitoring period. For example, on 27 April 1995 profiles were performed at the N4 site
(Vessel 2) and S4 site (Vessel 1) at 10:23 AM, at N3 and S3 at 10:33AM, N2 and S2 at
10:42AM, and N1 and S1! at 10 S1AM. Approximately 1.5 hours elapsed before the
sequence was repeated. .

[n addition, Vessel 2 measured CTD profiles at two sites (BN, BS) in the vicinity of the
Station over full tidal cycles on 25 April and 20 June 1995. Each CTD measurement, or
- CTD cast, was performed manually. The instrument was toggled on, allowed a one-
minute wake-up delay, and lowered through the water column. Local time and water
depth were recorded in the survey notes. for each cast. The unit was then lifted from the
bottom and pulled aboard where the switch was toggled off. Each cast took
approximately two minutes. The vessel proceeded to the next site to repeat the sequence.

A raw data file was produced each survey day, containing information from all the CTD
casts performed on that day. The raw files have a common .RAW suffix. Each cast was
separated in the raw data file by a double row of zeros, resulting from the on/off toggle of -
the instrument switch.

The raw data files are formatted by data type and sample number. There are four columns
in each file: conductivity (mmho/cm) in column 1 followed by temperature (°C), depth

" (meters), and date and time of the sample. Each row of data corresponds to a single
sample. The sample rate was set at 2 kHz, meaning two samples of conductivity,
temperature, depth, and date and time were written to memory every second while the
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instrument was submerged. The time and depth of each cast were compared to logged
uime and hvdrostatic pressure as a way of checking data quality.

[1.C.3. Conductivity/Temperature/Depth Data Processing
"Post-processing of the CTD data involved sphitting the raw data file into individual casts,
using the FSALSOP program from FSI. FSALSOP used the conductivity data to
calculate salinity values. Salinity was referenced to units of the Practical Salinity Scale
(1978) (PSU-78). In addition, FSALSOP reformatted the individual data files into seven
columns (scan number, conductivity, temperature, depth, date and time, salinity. and
speed of sound).

In the FSALSOP-processed output files each individual cast assumed the prefix of the
raw file and acquired a new suffix reflecting the order in which the casts occurred. For
example, the first cast was given an .000 suffix, the second .001, etc. If 40 individual
casts were performed during a day and logged in the raw data file CTDCASTS.RAW, 40
individual data files would be created by FSALSOP named CTDCASTS.000 through
CTDCASTS.039.

MATLAB® was used to develop a program, CTDSPLIT.M, to split each individual CTD
cast into upcast and downcast portions. Typically, oceanographers utilize only downcast
data when analyzing CTD information. This is because relatively undisturbed water is
measured during the downcast. However, passing an instrument down and up through the
water column induces sufficient mixing to contaminate the upcast reading. CTDSPLIT
discarded the upcast data and saved only the downcast data in individual data files.

The naming system for these split downcast files was as follows:
(boundary location)(site number)(data type)(cast number).(date).

For example, file N1CTD6.427 contains data from the sixth CTD cast (CTD6) conducted
at site 1 on the north boundary of the near-field region (N1). The suffix shows that the
data were collected on 27 April 1995 (.427).

Similarly, file BNCTD4.424 contains data from the fourth CTD cast (CTD4) conducted
north of the vicinity of the Station (BN) on 24 Apnl 1995 (.424).

I1.C.4. Sample Plots
Color time series plots showing salinity and temperature varniations at the south and north
- CTD sites in the vicinity of the Station (BS, BN) on 24 April 1995 are presented in '
Figures II-25 through 1I-28. The color plots show the range of salinity and temperature
over time (bottom horizontal axis) and in relation to depth (left vertical axis). A 7-hour
period is shown representing the variation in values with the tidal cycle.

Each plot shows cross-river variations in salinity measured during a single transect. The
plots present a cross-section of the Estuary with Delaware on the left and New Jersey on
the right. These cross-sections are considered approximations because only four CTD
casts were used to calculate the salinity contours.
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Figures [I-29 through [1-32 show hourly cross-river salinity variations at the south and
north boundaries of the near-field region on 27 April 1995, Tide elevation changes for
the day are included at the top of the page. All times are referenced 1o EDT.

Figures [1-33 through [I-36 depict color time series of salinity and temperature variations
on 20 June 1995 at the north and south sites in the vicinity of the Station (BS, BN). The
plots are similar to those described in Figures [I-25 through 1I-28. Comparison of the two
groups of figures illustrates seasonal variations in sdlinity and temperature.

Figures 1I-37 through [I-39 show salinity variations at a cross-section of the mouth of the
Estuary on 20 June 1995. Eleven time steps are shown. These tigures were included to
indicate salinity of ocean waters entering the estuarine system. Little variation is noted.

Cross-stream variations in salinity are presented for the south and north boundaries of the
near-field region on 22 June 1995 in Figures I[I-40 through [[-43. Again, these plots
illustrate seasonal differences in salinity levels when compared to Figures [1-29 through
[I-32. Tide elevations for 22 June 1995 are also shown. . All times are EDT.

III. LONG-TERM MOORINGS A

‘Long-term observations of tides and currents are essential for understanding
hydrodynamic processes. For this study, in sitw instruments were deployed at sites near
the Station for the long-term measurement of currents, tides, temperatures, and salinities
in the study area. Data collection efforts began during the last week of March 1995 and
lasted until the end of June 1995.

III.LA. Tide Measurements
IILA.1. System Description

Four tide observation gauges were placed at each comner of the near-field boundaries
(Figure ITI-1). Station NNJ was at the northern tip of Artificial Island, Station NDEL was
at Augustine Beach on the Delaware shore, Station SNJ was at the mouth of Hope Creek,
and Station SDEL was near Liston Point, Delaware. A fifth gauge was deployed on the
Chesapeake Bay side of the C&D Canal in Town Point Neck, MD. Specifications and
deployment dates are shown in Table HI-1.

Each station consisted of an SP2200 wave/tide gauge manufactured by Woods Hole
Instrument Systems, Ltd (WHISL,; Cataumet, MA). The instrument features a
ParoScientific (Paros) Digiquartz pressure sensor with a resolution of 1 mm water and
accuracy of 1 cm. Water temperatures were measured simultaneously with a Paros
temperature sensor of resolution of 0.01°C and an accuracy of £0.1°C. Technical
specifications for the SP2200 are presented in Postscript D.

" The instrument is self-contained. For the sampling rates chosen, battery life was
estimated at three months with one Mbyte of available memory. The unit was housed in a
sealed plastic pressure case and attached to an aluminum pipe. Pipes were installed in the
Estuary bottom using an hydraulic pump.
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Wiater elevations were sampled as a 7.5-minute continuous average. Values were
continuously summed over the 7.5 minutes and a single mean waler elevation value was
recorded for that interval. There were a total of 192 data points for each day water
elevation was measured.

Data recovery involved dispatching a vessel to the gauge location to remove the
instrument physically from the pipe mooring, leaving the mooring in place. The
instruments were first retumed to shore in early May, where the preceding six weeks of
monitoring data were uploaded to the PC hard disk.

Data integrity checks were performed, fresh batteries were supplied, the memory was
reinitialized, and the unit was sealed for re-deployment. The gauges were returned to
their moorings the following day. The gauges then recorded continuously until final
recovery in late June 1995, All gauges returned 100% of the intended data.

Small differences in along- and cross-river water elevation can result in potentially large
differences in flows. To address this, the absolute elevation of each gauge was surveyed
using a known vertical datum prior to recovery. Surveys were conducted by Taylor,
Wiseman, and Taylor (Mt. Laurei, NJ). Kinematic GPS methods were used to verify that
the instrument functioned within the specified sensor accuracies (1 cm). A GPS antenna
was attached to the pipe mooring for a selected period, typically 40 minutes. The
distance from the pressure sensor port to the antenna was measured manually. The
kinematic GPS system collected satellite information during the measurement interval
and averaged the X, v, and z values to obtain a (relatively) long-period mean value. Using
these data, the water elevation data from the four SP2200s were adjusted to the North
American Vertical Datum 1988 (NAVD88). This survey was repeated in June 1995 to
adjust for possible vertical displacement of the instrument mountings during recovery and
deployment.

I11.A.2. Data Processing
Uploaded water elevation data were transferred in hexadecimal format for processing and
analysis. Data fields included water elevation (meters), temperature (°C), date and time,
and instrument-related engineering records.

Raw data files were labeled according to the instrument identifier (usually the serial
number), date of recovery (AP for April 1995, JU for June 1995) followed by a . RAW
suffix. For example, data recovered from the tide gauge deployed at the northern tip of
Artificial Island (Station NNJ, serial number 52019) during the first deplovmem period
was labeled 52019AP.RAW.

Software was used to extract water elevation (in pounds per square inch [psi]), water
temperature (in degrees Celsius), and date and time of each measurement from the raw
data file. These extracted engineering units were saved as ASCII files.

The ASCII files contained a header identifying each column and were labeled using the

: same file-name conventions used for the raw data files (serial number and month of
@ . : recovery), with the suffix changed to .DAT (e.g., 52019AP.DAT).

°



Data processing involved removing atmospheric effects from the recorded pressure
measurements. The instrument measured the total pressure resulting from both water
elevation and the atmosphere. Atmospheric pressure observations were obtained from
outside sources (Attachment E-1) and subtracted from the total pressure readings.
Resulting water pressure values were then converted to water height values based on a

water density of 62.96 Ibs/ft (corresponding to a salinity of 6 ppt at 20°C). A constant
value of water density was chosen for this conversion despite actual density variations
with tides. An option for avoiding these density-induced conversion-errors was to
measure density (via temperature and conductivity) at the pressure port. The important
issue 1n this conversion was not that errors might be present but rather that the salinity
was likely to vary in a similar manner from one gauge location to the next. For a sensor
two meters below the surface, salinity changes of 1 ppt correspond 1o less than 0.2 cm
error in absolute water elevation measurement. These small errors were deemed
acceptable.

Water heights were then adjusted to the NAVDS88 datum based on survey data, resulting
in the absolute water elevations. Manufacturer-supplied calibrations performed accurate
temperature conversions, eliminating the need for manipulating those data.

II1.A.3. Sample Plots
Water elevation and temperature were displayed in time series plots as a function of

Julian day (horizontal axis) with tide level (in feet) referenced to NAVDS88 (vertical axis)

in Figure [II-2. Temperature (°C) is the vertical axis in Figure [I-3. The gap in data
following Julian day 120 represents the instrument turnaround in early May.

III.B. Current Measurements
III.B.1. System Description

Estuarine currents result in part from differences in water elevation as the tide moves
through the Estuary. Higher water on the southern boundary results in flows upstream;
lower water at the same boundary induces an ebb, or downstream, current. Cross-channel
elevation differences result in flows from one side of the Estuary to the other. Other
factors such as Estuary geometry, Coriolis forces (effects of the earth’s rotation), and
wind can also affect circulation. '

To gain an understanding of long-term current dynamics, four current meter moorings
were deployed at the near-field region boundaries on each side of the navigation channel
(Figure 1I1-4). Specifications and deployment dates are listed in Table III-2.

Each mooring consisted of a SeaPac SP2000 directional current meter (WHISL,;
Cataumet, MA). The instrument used the well-known Marsh-McBimey (Frederick, MD)
4-inch electromagnetic current sensor. The sensor records voltage induced across
electrodes created by water passing through a delimited sphere surrounding the probe
(typically a 14- to 16- inch radius). The electromotive force is directly proportional to
current velocity. Technical specifications for the current meters can be found in
Postscript E.
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The instrument 1s mounted vertically to a heavy. stable, tripod constructed of welded
aluminum and weighing approximately 400 Ibs (in air). The current probe was deploved
2 meters above the Estuary bottom. The tripod configuration is shown in Figure III-5.

The moorings were installed at each location by lowering the package from a surface
vessel to mid-water. after which edch instrument was released to free-fall slowly to the
Estuary bottom. Mooring positions were logged using GPS.

Currents were measured using a burst average technique. Every ten minutes, the
instrument began a two-minute cycle of 1 kHz current sampling. Each resulting group of
120 samples was averaged to obtain a single current velocity. The resulting sampling
yielded six records per hour, representing two-minute averages every ten minutes.

The tripods were recovered using a remote mechanical release system fitted with a pre-set
timer. A buoyant float with attached lightweight rope was held inside a mounted canister
by a burnwire linked to the timer. At the preset time voltage sent to the burnwire
chemically dissolved the constraint link. The float freely rose to the surface carrying with
it the lightweight line that provided access to a heavier lifting line shackled to the top of
the tripod. The lifting line was fed through the vessel winch and the tnipod was hoisted
aboard. Release timers were staggered over the day to facilitate recovery operations.

Upon recovery, data were uploaded to a shipboard PC. Data quality checks were
performed, fresh batteries installed, and the instruments redeployed on the following day.

The initial deployment was scheduled from 29 March to 2 May 1995. Two tripods,
SDEL and NDEL, were recovered on 2 May. The NDEL tripod was recovered with a
broken current sensor probe. Analysis of its data indicated that the instrument had failed
approximately four days prior to recovery. A backup SP2000 current meter, which had
temporarily been installed in the vicinity of the Station (Section II1.C.), was moved to the
NDEL site to record data.for the remaining deployment period. Technical problems with
the two remaining tripod release systems delayed recovery of the NNJ and SNJ tripods
until 18 May 1995, when they were recovered successfully by divers. These instruments
were reinstalled the following day.

Final recdvery of all current meter moorings was performed on 26 June 1995.

IIL.B.2. Data Processing
Raw current data were stored on the PC hard disk in hexadecimal format. File-naming
conventions paralleled those used for the tide gauges:
(instrument serial number)(month of recovery).RAW.

For example, the raw data files from the NNJ sensor from May through June were labeled
50026JU.RAW.

Software was used to extract east velocity components, north velocity components,

compass directions, temperature (°C), if a temperature sensor was used, followed by the
time and date. Output files used the same file-naming convention, with the suffix
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changed to .DAT. For example. the above raw file, after extraction. was labeled
50026JU.DAT. :

MATLAB"-ready files. matrices stripped of identifving headers. were generated for data
processing. These files were named according to the following convention:

(SN) (last three digits of instrument serial number)r(montﬁ of recovery).DAT.

For example, the file SNO26JU.DAT represents data from the SN sensor number .026
recovered in June 1995.

A coordinate transformation was performed on the data based on their location with
respect to the navigation channel. The upstream direction was defined as the central axis
of the Estuary navigation channel at the tripod location, based on NOAA navigation
charts. For the north tripods, the transformation angle was defined as 26 degrees to the
east of north. The upstream and cross-stream velocities (V) were then calculated as:

Vipsiream = Vn*c05(26+6/180) + V,+sin(26+6/180)

Veross-siream = Ve*c05(26+8/180) - V,»sin(26+6/180)

Where V, equals the uncorrected north velocity and V. equals the uncorrected east
velocity.

The Estuary axis at the south tripod locations was oriented 318 degrees east of north.
Transformations for south tripod data were calculated in a similar manner.

II1.B.3. Sample Plots v
Current data were displayed using a polar plot showing directions and magnitudes
(Figures I11-6 and I1I-7). This type of display shows current directions.over a long period
of time. The associated magnitudes are represented in polar form as radii emanating from
the plot origin. The polar axes are oriented with north at the top of the page and east to
the right. Figure III-6 presents data from the first deployment period. Flgure HI-7
presents data from the final deployment period.

Data were also displayed as a standard time series for each location showing upstream
and cross-stream directions. Upstream data are presented in Figure III-8. Cross-stream
data are presented in Figure I1I-9.

Data gaps at the NNJ site from Julian day 125 to 138 represent invalid data caused by the
toppling of the tripod during an unsuccessful recovery attempt on 2 May 1995. Lost data
at the SDEL site from day 148 through the end of the period resulted from tripod
entanglement with commercial fishing gear. This tripod had also been toppled. The data
gap for the NDEL site from day 120 to 125 resulted from the broken current probe
described above. The gap in the SNJ site data resulted from instrument turnaround in
mid-May 1995.
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IIL.C. Real-Time System
A Real-Time System (RTS) was installed to collect long-term current and salinity data in
the Salem intake basin. The RTS was installed approximately 250 feet riverward of the
intake screens.

A temporary current monitoring system was installed in the vicinity of the Station on 29
March 1995, This was the same instrument which, upon recovery. was moved to the
NDEL site to replace a broken tripod at that location (Section II1.B.1.) The system
consisted of a TABS (Texas Automated Buoy System) surface buoy. The system
included a surface SeaPac SP2000 current meter (measuring currents approximately 2
meters below the surface), connected via chain to a second SP2000 current meter and a
bottom anchor. The lower instrument was located approximately 30 feet below the
surface. Data from the TABS surface buoy were lost during this period due to
overcharging of the solar cell batteries used to supply power to the instrument.
Specifications for the SP2000 are shown in Postscript E. Data from the lower package
were internally recorded at ten-minute intervals using the two-minute burst technique
previously described. The lower gauge returned 100% of the desired data.

The TABS system was replaced on 3 May 1995 by a long-term system which operated
until spring 1996. This system consisted of meteorological sensors (wind speed and
direction) mounted at the Station on a staff above the Northern Fish Count Building
Jocated near the intake structure and oceanographic sensors (currents, tide, temperature,
and conductivity) mounted on a subsurface mooring centrally located in the vicinity of the
Station. A shore station inside the Northern Fish Count Building controlied system
communications and data logging.

HI.C.1. Meteorological Sensors
Wind speed and direction were measured by a SensorMetrics Anometer [Model 05103)
(Metrics, Inc.; Lakeville, MA). Data were transferred from the sensor through a
connecting cable to a SensorMetrics model ENV-50 shore station. A RS-232 cable
linked the shore station to the PC. Power was preconditioned and supplied at 110 VAC.
The anemometer was mounted on a staff approximately 10 meters above the water
surface to a security tower located outside the Fish Count Building.

III.C.2. OQceanographic Sensors
Currents, tidal elevation, and salinity data were collected by two instrument packages in
the RTS moored in the vicinity of the Station. The mooring consisted of a subsurface
float with chain connecting the two instrument packages to an anchor. e system is
shown in Figure [II-10.

The top instrument package housed an SP2000 current meter, simtlar to the current
meters deployed on the tripod moorings; and an FSI conductivity sensor, akin to the
sensor included in the CTD instrument (Section II), that provided conductivity data
through an independent data port on the SP2200. The top instrument package was
located approximately 16 feet below the surface on a mean tide.
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The lower instrument package contained an SP2200 current meter with an internal Paros
préssure transducer. Tide information was provided by the Paros gauge. The bottom
package was located apprO\lmatelv six feet from the basin floor, or 33 feet below the
mean tide elevation.

A multi-conductor power and communications cable linked the instruments to the shore-
based PC. Power was supplied at the shore station through an uninterruptable power
supply designed to prevent data loss in the event of power failures.

IHI1.C.3. Shore Station
- The shore station provided system control and data management. The PC used an [BM
0S/2 operating system which allowed multiple applications to run concurrently.
Customized software controlled the oceanographic instruments and shore-based
meteorological station. Four serial ports were connected to the two current instruments,
the anemometer, and a telephone modem.

The computer monitored data detection as well as data type and validity (current,
engineering, or noise). It also assigned the data to temporary storage buffers. No data-
sharing protocol was required, as each serial port functioned independently. Data
contained in the buffers were used to update the displays on the computer screen, and also
were written to files on the hard disk. Data files stored on the hard disk contained both
monitoring data and diagnostic information related to the instruments. The screen
displayed Estuary currents, tidal elevation, salinity, and winds in near real time.

Currents, conductivity, and pressures were measured continuously over ten-minute .
intervals. At the end of each interval, the data were averaged to obtain a single value for
each parameter. A communications modem was mstalled to allow remote access to the
data over a telephone line.

The RTS logged data continuously until its retrieval in Spring 1996. Raw data files were
downloaded from the on site PC hard disk for processing.

The file-naming convention was a modification of the conventions used for other SP2000
data sets. For example, data file RTJL9543. RAW refers to data from the RTS (RT), an
abbreviated month of data recovery (JL for July), year of recovery (95), and instrument
identifier (43 denotes serial number 2043). The .RAW suffix denotes a file in '
hexadecimal format. Several ASCII-formatted files resulted from processing the original
raw data file (Table II-3). Currents were output as east and north components of
velocity. Conductivity was used with temperature to calculate salinity using FSI software
similar to that used to process the CTD psi data (See Chapter 2). Pressure was output
directly as psi.

The RTS data are displayed in a similar manner to data from the tripod-moored current
meters. Polar plots representing the predominant direction and speed of the currents are
shown in Figure [II-11. Also included are time series plots for both gauges. The top
gauge (east and north velocity with salinity) is presented in Figure [1I-12. The bottom
‘gauge (east and north velocity with pressure) is presented as Figure I1I-13.
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Figure [II-12 shows a decreasing salinity as the spring turns to summer. This is contrary
to independent CTD observations which show salinity levels rising through this period.
This decrease in salinity as measured by the conductivity sensor was due to calibration
errors resulting from increased biological growth on the outside of the inductive cell.
Heavy growth within the sensing volume will reduce the measured conductivity and the
resulting salimty calculations. The contractor cleaned the cell in early September using
divers to remove the growth, and maintenance dives were periodically carried out
thereafter. :

IV. METEOROLOGICAL DATA

Three meteorological data files from the vicinity of Artificial [siand, compiled by the
National Climatic Data Center (NCDC) in Asheville, NC, were obtained and used to
correct the pressure data recorded by the SP2200 tide gauges. These NCDC data were
reformatted using MATLAB® programs that converted the data into proper units and
saved them as new data files. Wind speed and direction from Artificial Island from 29
March 1995 to the end of July 1995 are displayed in Figure IlI-14. Figure [II-15 presents
the atmospheric pressure with respect to wind speed.

V. CONCLUSION
This comprehensive field study amassed a library of hydrodynamic data on the portions
of the Estuary immediately adjacent to the Station.

The methods employed were tailored to the information being sought, and the resulting
combination of ship-based operations, long-term moorings, and real-time data acquisition
provided a suite of complementary measurements that elucidated the hydrodynamics of
the Estuary. ' '

A five-mile stretch of the Estuary was examined in detail, with particular emphasis on the
basins near the intake and discharge structures of the Station. Measurements of surface
and interior current velocity, tidal elevation, temperature, salinity, and meteorological
components were recorded, stored, and catalogued for future reference.

These data were used at the time they were compiled to model physical processes in the
vicinity of the Station. They are presented here for completeness.

35




PNty 2o Appocaien
4 N uren e
Fnviubit £- 141

POSTSCRIPT A

GPS AND FATHOMETER SPECIFICATIONS

Signal Processing
Number of Channels:
Frequency Range:
Tuning resolution:
Minimum Signal Strength:
Dynamic Range:

Adjacent Channel Rejection:
Acquisition Time:

Noise Blanker:
Signal Detection:

Data Processing

Demodulation:
Data Decoding:
MSK Bit Rates:

Power Requirements

Power consumption:
Supply

Data Ports

DGPS Correction Output Port:

Environmental

Whip Antenna:
ACU:

Antenna:

A.l Northstar 941DX DGPS Specifications

R
283.5-325.0 kHz

<2 Hz

luVi/m @ 100bps

>100 dB

>30 dB at ! kHz

3 seconds. manual command

13 seconds. automatic warm start

15 minutes. automatic cold start*
Predictive variable length

Acquisition via FLL (frequency-locked
loop); tracking via PLL (phase-locked
loop)

MSK (Minimum Shift Keying)
Parallel-matched digital filters

25, 50, 100. 200 (automatically
selected)

2 Watts
12 Volis

RTCM SC-104 Version 2.0-6 OF 8
RS-232-C
9600 or 4800 baud

Height: 11 inches

Diameter: 2.6 inches

Weight: 1.5 pounds : )
48-inch fiberglass whip (not supplied)
(Shakespeare 4' #173 loaded, or Radio
Shack #21-934)
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EXTERNAL NORTHSTAR DGPS SPECIFICATIONS . ‘

e Signal Processing

Number ot Channels: 2
Frequency Range: 283.5-325.0 kHz
- Tuning Resolution: <2Hz
Minimum Signal Strength: luV:m (@ 100bps
Dynamic Range: >100 dB
Adjacent Channel Rejection: >30dBat |’ kHz
Acquisition Time: 3 seconds. manual command

|5 seconds. automatic warm start
13 seconds. automatic cold start*

Noisc Blanker: Predictive variable length

Signal Detection: Acquisition via FLL (frequency-locked
loop); tracking via PLL (phase-locked
loop) :

Data Processing

Demodulation: MSK (Minimum Shift Keying)

Data Decoding: Parallel-marched digital filters

MSK Bit Rates: _ 25, 50, 100, 200 (automatically
selected)

Power Requirements

Input Voltage: f 11-15 VDC
Power Consumption: 3 Watts @ 12 VDC (max.)
Data Ports
Control Input Port: RS-232-C, RS-422 or NMEA 0183: 9600
or 4800 baud (jumper selectable)
DGPS Correction Qutput Port: . RTCM SC-104 Version 2.0-6 of 8

RS-232-C or RS-422

9600 or 4800 baud (jumper-selectable)
Monitor/Control Port:

Bi-directional RS-232-C at 9600 baud.

Environmental

Operating Temperatures

Receiver: 0°to 50°C
Antenna/Preamp: -40° to +50°C
Relative Humidity ‘
Receiver: 100%
Antenna/Preamp: 100%
Size and Weight
Receiver: Height: 2.1 inches
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Width: 3.7 inches
Depth: 8.3 inches
Weight: < 2 pounds
ACL: Height: t1 inches
Diameter: 2.6 inches
Weight: 1.5 pounds
Antenna: 48-inch fiberglass whip (not supplied)

{Shakespeare 4" #173 loaded. or Radio Shack #21-934)
Status Indicator (externally-mounted Northstar Beacon Receiver only)

The LED indicator on the end panel of the Northstat Beacon Receiver is used to provide
the following status information:

. LED is off while acquiring signals.
. LED is on when Channe! | has achieved RTCM SC-104 data sync.

. LED flashes twice per second if the antenna cable is shorted or
disconnected.

*Only at first turn-on after installation
(time varies, depending on local beacon
frequencies).
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A2. Si-Tex AVS-107 Fathometer

SPECIFICATIONS

Display 6-inch monochrome display

Resolution 236 x 256 pixels

Presentation 3 shades of amber

Frequency 30, 120. or 200 kHz

' Qutput 200 watts R.M.S. (1600 wats peak to peak)

Presentation mode NORM, ZOOM, AUTO RANGE. AUTO ZOOM, BIG
NUMBER

Depth range 5,10,20.40,80.160.320 (meters or fathoms)
10,20,40,80.160.320,640,1280 (feer)

Image speed S fixed speeds pius STOP

Alarmms Upper and lower bottom alarms -- fish alarm

Other functions Gain, screen brightness, color rejection, noise rejection, STC.
interference refection, measuring unit. water temperature
display (*1) heading (*3). course (*3). deviation from course
(*3)

Input data NMEA-0183, NMEA-0182, KODEN-717, DC-300

Output data NMEA-0183 (water temperature, boat speed, depth)

Power Supply 11 10 40 VDC

Power consumption 25W

Notes:

(*1): Built-in or separate SPEED/TEMP sensor is required.
(*2): Navigator is required.
(*3): DC-400 fluxgate compass is required.
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POSTSCRIPT B
RDI BROADBAND ADCP SPECIFICATIONS
RDI BROADBAND ADCP
SPECIFICATIONS AND DIMENSIONS

INTRODUCTION

The ADCP emits an acoustic pulse called a ping. Scatterers that float ambiently with the water currents
reflect some of the energy from the ping back to the ADCP. The ADCP uses the return signal to calculate a
velocity. The energy in this signal is the echo infensity. Echo intensity 1s sometimes used to determine
information about the scatterers.

The velocity calculated from each ping has a sraristical uncertainn; however. each ping is an independent
sample. The ADCP reduces this statistical uncertainly by averaging a collection of pings. A collection of
pings averaged together is an ensemble. The ADCP's maximum ping rate limits the time required to reduce
the statistical uncertainty to acceptable levels.

The ADCP does not measure velociry at a single point, it measures velocities throughout the water column.
The ADCP measures velocities from its transducer head to a specified range and divides this range into
uniform segments called depth cells (or bins). The collection of depth cells yields a profile. The ADCP
produces two profiles. one for velocity and one for echo intensity.

The ADCP calculates velocity data relative to the ADCP. The velociry data have both speed and direction
information. 1f the ADCP is moving, and is within range of the bottom. it can obtain a velocity from returns
off the bottom. This is called borrom-tracking. The bottom-track information can be used to calculate the
absolute velocity of the water. The ADCP can get absolute direction information from a heading sensor.

Table B-1 lists the specifications for all three models of ADCP's. About the specifications:

a. All these specifications assume minimal ADCP motion - pitch, roll, heave. rotarion,
and translation.

b. Except where noted. this specification table applies to typical setups and conditions.
Typical setups use the default input values for each parameter (exceptions include
Pings Per Ensemble and Number of Depth Cells). Typical conditions assume
uniform seawater velocities at a given depth, moderate shear, moderate ADCP
motion, and typical echo intensity levels.

¢. The total measurement error of the ADCP is the sum of:

+Long-term instrument error (as limited by instrument
accuracy).

+ The remaining statistical uncertainty after averaging.

«Errors introduced by measurement of ADCP heading and
motion.

d. Because individual pings are independent, the statistical uncertainty of the
measurement can be reduced according to the equation:

Statistical uncertainty for one ping = Square-root of number of pings
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Table B-1. BB ADCP Specifications

Available models Direct-Reading {DR)
Self-Contained (SC)
Vessel-Mounted (VM)

Frequency options System (kHz) 75 130 300 600 1200
Actual (Hz) 76.300 153.600 307.200 614,400 1.228.800

Water Velocity Measurements Relative to the ADCP

Accuracy (long termy 0.2% of measured velocity 0.2 crr's

Precision System frequency (kHz)

(cmv's) Depth cell
size (m) 75 150 300 600 1200
0.12 - e - - -
0.25 - - ---- 10
0.5 --e- e -ee- 10 4
1 -e- 10 4 2
2 10 4 2 |
3 13 4 2 1
g 5 2 1
16 3 1 - e

Water-current velocity precision is the statistical uncertainry (1 ) of the
horizontal velocities for single pings when operating in the normal mode. The
precision will decrease proportional to the square root of the number of pings
averaged together. Higher precision profiling modes can be used when current
shear and instrument dynamucs are low.

Minimum time

between pings System frequency (kHz) ,
(seconds) 75 150 300 600 1200
1.00 0.65 0.50 0.20 0.10

Based on 1.57 ms x nominal bortom-track range
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Maximum protiling
range (meters)

Minimum range to
start of first depth
cell (meters)

Loss of profiling
range near a
boundary

Number of depth
cells

Depth cell size

Velocity range

30" beam angle
20° beam angle

\hrhi

Frequency (kHz 73 130 200 500 600 600
1200

Beamwidth (degrees) 3 303 1.3 3045 1.3

High-power mode 300 300 ---- . e e .

Low-power mode 410 230110 ° 130 50 60 20

Ranges are for systems using the indicated frequency, transducer beamwidth.
depth cell size, and power mode in typical water conditions. Range decreases
about 10% each time cell is halved.

_System frequency (kHz)

150 300 600 1200
4 2 1 0.5

oo~
w

13.4% of range to boundary + one depth cell
6% of range to boundary + one depth cell

1 to 128 cells

5 to 3200 centimeters (approx. 2 inches to 105 feet)

=10 mv/s (horizontal)

Note: ADCP pitch and roll may reduce range.

ADCP Velocity Measurements Relative to the Bottom and Bottom Depth Measurements

Accuracy (long-term)

Precision
(Cnv's)

0.2% of measured velocity =0.02 crv/s

0.0003V + (a + 0.003V)/(1 + bAF), where:

a= . l civ/s

b= 0.0001 kHz"! m-!

A= Altitude in Meters

F= System Frequency in kHz
V= Velocity in crrv's

Note: Bottom-track velocity precision is the statistical uncertainty (1) of the
horizontal velocities for single pings when operating in the normal mode. The
precision will decrease proportional to the square root of the number of pings
averaged together. '
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Maximum and nuni-
mum alurudes
(meters)

Altitude accuracy
(meters)

Velocity range

Accuracy

Profiling range
(meters)

Number of depth
cells

Depth cell size

. Dynamuc range

Interface

Input data format

Output data
format

SC data storage
capacity {Standard)

SC data storage

PSERG Permut Appitcation
4 Mareh 1oy

(L TR TN
Frequency (kHz) 73 150 300 300 600 600 1200
Beamwidth (degrees) 3 303 L3 3 1S 1.3
Max! altitudes
High-power mode 950 325 ---- T -
Low-power mode 830 450 225 260 95 110 33
Min. altirudes 5 3 2 2 1.4 1.4

0.8

Alutudes are for systems using the indicated frequency , transducer beamwidth,
and power mode in typical seawater conditions.

1% of measured altitude £120/Frequency (kHz)

= 10 mvs (horizontal)

Echo Intensity Measurements

=2 dB

85% of water-profiling range
110 128 cells

5 to 3200 centimeters (approx. 2 inches to 103 feet)

80 dB

Data Communication

Serial communications at 300 to 115,200 baud using two RS-422 cables, or one
RS-232 cable and one RS-422 cable (see Appendix-A)

ASCII commands (see Appendix-C)

Biﬁary or hexadecimal-ASCII (see Appendix-D)

10 to 80 megabytes of solid-state memory

90 to 320 megabytes of solid-state memory. This optional unit fits into the
power module section of the SC-BBADCP and takes up to 72 millimeters of
space. You may use gither the standard solid state memory or the optional
memory pack. The units may not be combined.
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External

Internal
{SC models)

Dissipation (watts)

Internal

External

Temperature

Humudity

Vibration

Shock

DR/SC depth
ratings

Power

20 to 60 VDC (DR systems)
98 10 264 VAC, 30-60 Hz (DR and
12 VDC (DR systems)

VM systems)

Alkaline battery packs supplying 45 10 60 VDC

Source Standby Operate

20-60 VDC - High-power 5
20-60 VDC - Low-power - 5

12 vDC 10
AC - High-power 10
AC - Low-power _ 10

Sensors
Sensor Accuracy
Heading *+50
Tilt ' £1°
Temperature £0.5°C
Depth . +1% FS

10 to 10,000-M full scale (FS) depth sensors available.

Resolution

02°
0.01°
0.01°C

0.03% FS

Pyt Pernms \npp
< \iuor

Fainpog b -

+ Heading accuracy assumes you are working in an environment where the
horizontal magnetic field strength is 10,000 to 40.000 NT (Nano-Teslas) and the

operational temperature of 0-30° C.

RS-485 serial interface at 300-19200 baud (future)

Environmental

Operating: -5 to +35°C
Storage: -30 to +80°C

Must be non-condensing
Mets MIL-STD-167-1, type 1

20 g static

200 m, 1000 m, 3000 m, or 6000 m
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POSTSCRIPT C
FSI MICRO-CTD SPECIFICATIONS
Falmouth Scientific MICRO-CTD CONDUCTIVITY:

Probe: Falmouth Scientific Inductive Conductivity
Sensor

Range: 0-65 mmho/cm (0-6.5S/M)

Accuracy: +0.005 mmho/cm (£.0005 S/M)
 Stability: £0.0005 mmho/cm/month (0.5 Ms/m)

Resolution: 0.0002  mmho/cm

Sampling Rate: Programmable 1.to 6 samples/sec

Response: 5.0 cm

(50 milliseconds @ 1 meter/second flow)

) B _



Pressure:

Probe:

Range:

Accuracy:
Stability:

Resolution:*

Sampling Rate:

PXEa&U P

Falmouth Scientific Titanium Pressure Sensor

Resolution*,
0--200 dbar (300 psiA) .0005/.002
0- 1000 dbar (1500 psiA) .003/.012
0 - 2000 dbar (3000 psiA) .006/.024
0- 3000 dbar (5000 psiA) .008/.038
0 - 7000 dbar (10000.psiA) .020/.087

£0.12% of Full Scale
=0.01% of F.S./month
16 bits @ 6 samples/sec

18 bits @ 1 samples/sec

1 to 6 Samples/Second Programmable
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Temperature: ‘

Probe: Falmouth Scientific Reference Grade
Platinum Resistance Thermometer or
Falmouth Scientific Pressure-Protected
Stabilized Thermustor (Glass)

Range: -2°t0 32° Celsius

Accuracy: =0.005 Celsius PRT +.010 Celsius Therm.
Stability: +0.5 mC/m PRT 2.0 mC/m Therm.
Resolution: 0.0001 °C

Sampling Rate: Programmabl.e 1 to 6 samples/sec
Response: 400 - 500 milliseconds (Piatinum)

100 - 150 milliseconds (Sheathed Thermistor)
(63% of Step @ ! meter/second flow)

SEF Heating: <0.0003 °C @ (1 meter/second flow)



POSTSCRIPT D
SEAPAC SP2200 SPECIFICATIONS
SeaPac 2200 Technical Specifications

Temperature (Pressure Sensor)

Sensor Paroscientific quanz sensor
Range -54°10 107°C
Accuracy =0.1°C
Resolution 0.01°C

Pressure
Sensor Paroscientific quartz pressure sensor
Range 0-100 psi )
Accuracy 1.0 cm
Resolution 0.1 cm

Data Storage ‘ o

: Medium . Nonvolatile CMOS SRAM Sealed
Removable Module

Capacity 4 Mbyte (Expandable to 12 Mbytes)
Retrieval . Stand-alone RS-232C. 300-19200 baud,

: w/ 16 command instruction set
Data Security ~ Replaceable battery back-up, CRC
generation, overwrite protection

Time Base
Crystal ' 2.097152 MHz GT-cut quartz
crystal/Real Time Clock
- Stability . =1 ppm over 0 °C to +40 °C
Accuracy 30 seconds/year
Wave Burst Sampling
Burst Interval  continuous, 2 min to 24 hrs
Scans/Burst 8 to0 4096 scans (multiples of 8)
Integration
period ' 0.25,0.5.1, 2, 4, seconds
Tide Sampling (Continuous)
Integration
Period 3.75,7.5, 15 minutes
Power
Method SPB-50, S section, 50 alkaline
battery pack ' .
Life : 500 hours (all modes continuous)
Pressure Case ,
Maternial - 6061-T6 Aluminum or PVC (Plastic)
Oper. Depth 200 M (Deeper housings available)
Finish Hard-coated
Size 11.4cm O.D. x 140 cm long
Weight 21 kg in air

Maximum In-lineTension 4500 kg
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POSTSCRIPT E

SEAPAC SP2000 SPECIFICATIONS

Sensors: '

Water Velocity
Sensor
Range
Resolution
Threshold
Response
Error

Direction
Sensor

Resolution
. Accuracy
Tilt Range
Temperature
Sensor
Range
Accuracy
Resolution
Sensor
Range
Accuracy
Resolution
Tilt (Optional)
Sensor
Range
Accuracy
Resolution
Data Storage
Medium

Capacity
Retrieval

Data Security

Time Base
Crystal

Stability
Accuracy

BURST SAMPLING
Scan Interval
Scans/Burst
Burst Interval
Duty Cycle

2-axis Marsh-McBimey 10.1 cm diameter EM sphere
=300 cmisec

0.15 cnv'sec (12-bits)

0.15 cm/sec

0.2 sec

steady-state: less than 2 cm/sec or 2% of

signal

KVH Industries, Inc. digital fluxgate
compass

0.1 degree

+0.5 degrees (after 0.5 sec of stability)
Operational £16 degrees

YSI Thermistor

-5°to +35°C

+0.1°C

0.01°C)

Magnetek Strain Gauge

0-30, 50, 100, 200, 500, 1000, 2000, 5000, 10,000
.25% of full scale

1:10,000

Accustar Dual Axis Clinometer
+20 degrees
1.0 degrees
0.8 degrees

Nonvolatile CMOS SRAM Sealed
Removable Module

4 Mbyte (Expandable to 12 Mbytes)
Stand-alone RS-232C, 300-19200 baud,
with 16-command instruction set
Replaceable battery back-up, CRC
generation, overwrite protection

2.097152 MHz GT-cut quartz
crystal/Real Time Clock

=1 ppmover 0 °C to +40 °C
30 seconds/year

[ - 3600 seconds

1 - 4096 scans

2 - 720 minutes

0.002% to 100% (continuous measurements)
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Power
Method SPB-30. 3 section, 30 atkaline
batery pack
Life 430 {continuous mode})
Pressure Case
Material 6061-T6 Aluminum
Oper. Depth 200 M (Deeper housings available)
Finish Hard-coated
Size 11.4cmO.D. x 140 cm long
Weight 2l kg inair
Maximum In-line Tension 4500 kg



E-1-1 Tabie [1-1. Ship Survey Dates 1995

Survey |

10 April - 14 April

Survey 2

24 April - 28 April

| Survey 3

S June - 7 June

| Survey 4

19 June - 23 June
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E-1-1 Table II-2. ADCP Files used in Data Processing
Survey | Day Duate No. of No. of  No. of Nav. Site
1995 lines ADCP Files Files '

1 4 April 13 27 27 27 The vicinty of the
Station (along the
shoreline)

2 2 April 25 26 26 26 The vicinity of the

: ' ' Station (13 around .
the basin, 13 along
the shoreline)

2 3 April 26 8 8 8 South Boundary

2 4 April 27 9 9 9 North Boundary

3 2 June 6 25 25 25 The vicinity of the
Station (13 around
the basin. 12 along
the shoreline)

4 2 June 20 20 21 20 The vicinity of the
Station (10 around
the basin, 10 along
the shoreline)

4 4 June 22 9 9 9 North Boundary

4 5  June23 8 8 8 South Boundary
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E-1-1 Table II-3. Sample Data from ADCP Ensemble File® .
112.00 101.63371 134
1.74 -63.8 -145.3 158.69 203.7
2.24 -59.4 -136.3 148.68 203.5
2.74 -58.4 -140.7 152,34 202.5
3.24 545 -136.0 146.51 201.8
374 -55.8 -133.8 144.97 202.6
4.24 49.1 -123.8 133.18 201.6
4.74 -46.8 -128.0 136.29 200.1
5.4 -56.4 -126.5 138.50 204.0
5.74 -55.9 -123.1 135.20 204.4
6.24 -54.8 -115.9 128.20 205.3
6.74 -50.6 -110.6 121.63 204.6
7.24 -52.3 -108.4 120.36 205.8
7.74 -43.4 -106.5 115.00 022
8.24 -40.2 -109.9 117.02 200.1
8.74 373 -106.5 112.84 199.3
9.24 -45.0 1072 116.26 202.8
9.74 -39.2 -107.6 114.52 200.0
10.24 -35.0 -102.8 108.59 198.8
10.74 -36.7 -95.5 102.31 201.0
11.24 41.0 91.0 99.81 204.3
.74 -39.1 -87.4 95.75 204.1
12.24 -39.3 -82.4 91.29 205.5
(2.74 376 -83.8 91.85 204.2
1324 -34.9 -81.6 88.75 203.2
13.74 -39.5 -82.9 91.83 205.5
14.24 9999.0 9999.0 9999.00 0.0
. 14.74 9999.0 9999.0 9999.00 0.0
15.24 9999.0 9999.0 9999.00 0.0
15.74 9999.0 9999.0 9999.00 0.0
16.24 9999.0 9999.0 9999.00 0.0

? The first line identifies the file (ensemble number, Julian day, water temperature in *C). For the remainder of
the file, column 1 is depth (m), columns 2, 3, and 4 are east component of current velocity, north component of
current velocity, and current speed, respectively, all in cm/sec. Column 5§ is current direction (degrees north
from due north).
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E-1-1 Table I1I-1. SP2200 Tide Gauge Deployment Dates 1995
Site Number Site Longitude Latitude Start Time End
Time .
5052017 " SDEL 39525.062°N  75°32.328°W 29 March. 1300 720 April, 2245
' 4May, 1200 24 July, 1515
sn52018 SNJ 39°26.914'N  75°29.923’'W 29 March, 1300 30 April. 2245
o 4 May, 1300 24 July, 1345
'$nS2019 - NNJ 39°30.294'N  75°32.286'W 29 March, 1300 30 April, 2245
4 May, 1200 24 July, 2245
sn52020 NDEL 39°30.509'N  75°34.530'W - 29 March, 1300 30 April, 2245
4 May, 1200 24 July, 1545
sn52021 Chesapeake Bay 39°30.180'N  75°54.050'W 20 June, 1800 24 july, 1045 .
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Exhibit E-1-1

E-1-1 Table [II-2. SP2000 Current Meter Specifications and Deployment Dates

(1995)

Serial Number

sn50026

sn50027

sn50028

sn31006
sn50029

Site

T

SDEL

NDEL
NDEL
SNJ

Longitude

39°30202'N

39°20.206'N
39°25.442'N
39°25.392'N
39°30.281°N

39°30.281'N -
39°25.934'N.

39°25.985'N

Latinude

75°32.550W

75°32.534'W
75°31.931'W
75°31.858'W
75°33.397T'W
75°33.695'W
75° 31.290'W
75°31.366'W

Start Time

29 March, 1300

18 May, 1300
29 March, 1300
5 May, 1300
29 March, 1300
5 May, 1300

29 March, 1300
18 May, 1340

End Time

3 May, 1740

26 June, 0950
4 May, 1050

27 May, 0900
30 April, 0850
26 June, 1500

17 May, 1300
26 June, 1110
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E-1-1 Tabie iII-3. Real-Time Svstem File Names: ASCII Files Created From

Processed Raw File.

Fiie Name
RTJL9543. RAW
RTJL9543 . ENG
RTJL9343.JNK
RTJL9543.TEM

RTJL9543 . HRS
RTJL9543. TMP

RTJL9543. VEN
RTJL9543 DAT
TIMCON43.M

HIPLOTM

File Contents

Raw hexadecimal file uploaded to the PC

Engineering data record

Full engineering record

Two-column file of time: Column 1 = hour, Column 2=
minutes with header information

Same as RTJL9543. TEM without the header data
Five-column data matrix with header information;
Columns 1-5 have V¢, V", Compass, Temperature, and
Conductivity respectively

The same as RTJL9543. TMP without the header data
The data file to be processed by Timcon43.m
MATLARB file which post-processes and prepares the
data for plotting

MATLAB file which plots the data for display
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APPENDIX E
EXHIBIT E-1-1

1995 MONITORING RESULTS
REFERENCES

Aubrey Consulting, Inc. (ACI). 1995. Numerical Circulation Model Implementation:

Salem and Hope Creek Nuclear Generating Stations Field and Data Report. East
Falmouth, MA. September.
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E-1-1 Figure 1-2, Illustration of the far-field study area and relative location of
the near-field study area. The far-field stretches from the mouth of Delaware
Bay to Trenton, NJ. The Chesapeake and Delaware Canal and lower portions
of the Schuylkill River are included.
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E-1-1 Figure Il-1. Instrument and data systems for Vessel #1.




E-1-1 Figure [I-2. Instrument and data systems for Vessel #2.
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E-1-1 Figure 11-3. Location of bathymetry survey transects near Artificial Island. Transect lines were spaced every 1/4 mite

from the north boundary to the south boundary. Finer resolution spacing was defined for the Salem cooling water intake
basin.



E-1-1 Figure 11-4. Schematic of the ADCP mounted to the survey vessel. The ADCP uses four independent beams to sense
current velocity. Acoustic signals are reflected from ambient sound scatterers in the water column; comparison of the
emitted acoustic frequency with the backscattered frequency determines the doppler shift, proportional to the relative
speed of the sound scatterers to the ADCP transducers. The motion of the vessel is subtracted from the current
measurements by acoustic "hottom-tracking”. The ADCP ineasures current profiles (one current measurement per 50 ¢cm
depth bin) by "range-gating™ the backscattered acoustic signal. Trigonometric reduction of the four independent beam
measurements produces three (x-y-z) orthogonal current velocity components.
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Intake basin velocity vectors April 25, 0700
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E-1-1 Figure 11-6. Current vectors at the outer boundary of the intake basin as measured by the ADCP for 0700 (12D 1)
and 0800 (EDT) on 25 April 1995. Each arrow represents the speed and direction of the current. Black arrows represent
surface currents, red arrows represent currents at mid-depth, and yellow arrows represent currents near the bottom.
The approximate location of the Salem cooling and service discharge is depicted as the yellow circle within the grid. The
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E-1-1 Figure 1-7. Current veetors at the outer boundary of the intake basin as measured by the ADCP for 0900 (D) and 1000 (FD1) on 25
Aprib 1995, Fach arrow represents the speed and direction of the current. Black arrows represent sinlace cutrents, red wrows represent current - ar nngd
depth, and yellow arrows represent currents near the bottom, The approximate Jocation of the Salem cooling and scrvice disclirge s depneied we il
yellow circle within the grid. The shoreline s depicted by the black line to the right of the vectors.
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E-1-1 Figure 11-8. Current vectors at the outer boundary of the intake basin as measured by the ADCP for 1100 (EDT)

and 1200 (EDT) on 25 April 1995. Each arrow represents the speed and direction of the current. Black arrows represent
surface currents, red arrows represent currents at mid-depth, and yellow arrows represent currents near the bottom.
The approximate location of the Salem cooling and service discharge is depicted as the yellow cirele within the grid. The

shoreline is depicted by the black line to the right of the vectors.
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Intake basin velocity vectors April 25. 1300
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E-1-1 Figure H-9. Current vectors at the outer boundary of the intake basin as measured by the ADCP for 1300 (EDT)
and 1400 (EDT) on 25 April 1995. Each arrow represents the speed and direction of the current. Black arrows represent
surface currents, red arrows represent currents at mid-depth, and yellow arrows represent currents near the bottom.
The approximate location of the Salem cooling and service discharge is depicted as the yellow circle within the grid. T'he
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Intake basin velocity vectors April 25, 1500 Intake basin velocity vectors April 25, 1600
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E-1-1 Figure II-10. Current vectors at the outer boundary of the intake basin as measured by the ADCP for 1500 (EDT)
and 1600 (EDT) on 25 April 1995. Each arrow represents the speed and direction of the current. Black arrows represent
surface currents, red arrows represent currents at mid-depth, and yellow arrows represent currents near the bottom.
The approximate location of the Salem cooling and service discharge is depicted as the yellow circle within the grid. The
shoreline is depicted by the black line to the right of the vectors.




Intake basin velocity vectors April 25, 1700 intake basin velacity vectors April 25. 1800
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E-1-1 Figure II-11. Current vectors at the outer boundary of the intake basin as measured by the ADCP for 1700 (EDT)
and 1800 (EDT) on 25 April 1995, Each arrow represents the speed and direction of the current. Black arrows represent
surface currents, red arrows represent currents at mid-depth, and yellow arrows represent currents near the bottom. -
The approximate location of the Salem cooling and service discharge is depicted as the yellow circle within the grid. The
shoreline is depicted by the black line to the right of the vectors.
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Intake basin velocity vectors April 25, 0740
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E-1-1 Figure II-12. Current vectors along a survey transect parallel to the Salem cooling water
intake structure seawall as measured by the ADCP at 0740 (EDT) on 25 April 1995. Each arrow
represents the speed and directon of the current. Black arrows represent surface currents, red
arrows represent currents at mid-depth, and yellow arrows represent currents near the bottom.
The approximate location of the Salem cooling and service discharge is depicted as the yellow
circle within the grid. The shoreline is depicted by the black line to the right of the vectors.



Intake basin velocity vectors April 25, 1040
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E-1-1 Figure I1-13. Current vectors along a survey transect parallel to the Salem cooling water
intake structure seawall as measured by the ADCP at 1040 (EDT) on 25 April 1995, Each arrow
represents the speed and directon of the current. Black arrows represent surface currents, red
arrows represent currents at mid-depth, and yellow arrows represent currents near the bottom.
The approximate location of the Salem cooling and service discharge is depicted as the yellow
circle within the grid. The shoreline is depicted by the black line to the right of the vectors.



intake basin velocity vectors April 25, 1340
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E-1-1 Figure I1-14. Current vectors along a survey transect parallel to the Salem cooling water
intake structure seawall as measured by the ADCP at 1340 (EDT) on 25 April 1995. Each arrow
represents the speed and directon of the current. Black arrows represent surface currents, red
arrows represent currents at mid-depth, and yellow arrows represent currents near the bottom.
The approximate location of the Salem cooling and service discharge is depicted as the yellow
circle within the grid. The shoreline is depicted by the black line to the right of the vectors.



Intake basin velocity vectors April 25, 1640 -
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E-1-1 Figure II-15. Current vectors along a survey transect parallel to the Salem cooling water
intake structure seawall as measured by the ADCP at 1640 (EDT) on 25 April 1995. Each arrow
represents the speed and directon of the current. Black arrows represent surface currents, red
arrows represent currents at mid-depth, and yellow arrows represent currents near the bottom.
The approximate location of the Salem cooling and service discharge is depicted as the yellow
circle within the grid. The shoreline is depicted by the black line to the right of the vectors. .
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Filtered Upstream South Boundary 26 April 1995 0930 omisec
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E-T-1 Frgure 11-17. Color plotod upstrean (top) and cross-stream (bottom} velocity along a survey trunsedd of the south acar-ficld
boundary as measured by the ADCP at 0930 (EDTY on 26 Apnl 1995, The plot depicis eurrents through a cross-section of the river:

the Delaware shore is 10 the left of the plot and New Jersey to the right. The eolor bar to the right indicates the magnitude of the current,
Positive upstream ({lood) carrents Bow away from the mouth of the Bay, negative {chbi cusrents flow fo the meuth of the Bay.

Positive cross-stremm enrrents flow toward the east (New Jersey . The bottom contour of the river cross-section is represented in white.
The vertical axis represents depth from  the surfiace of the water; the horizontal axis represents distance along the transect. The data have
been filtered o remuove excessive measurement noise,
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E-1-1 Figure I1I-2. Time-series of tidal elevations at four locations in the Delaware
Estuary system from 29 March 1995 (Julian day 88) to 24 July 1995 (Julian day
205). Elevations are referenced to NAD 88 (North American Datum 1988). The gap in
data represents the instrument turnaround operation performed 3—4 May 1995.



SDEL SP2200 Temperature Records 29 March-24 July 1995

30|
20|

10MM

g 1 1 i :
A
MW W itk
1 1 1

1 1 S S

100 120 140 160 180 200

S_NJ (29 March-24 July 1995

1 I 1 i - | - B
% 0 e e oy
= M\,Mvww"’”
'% : 020 M WW
Lw) 10 i ! i 1 R DE— |
o 100 120 140 160 180 200
éo .
£ NNJ
I e
& " i 1 j 1 r i 1
t 6)20 - W
. M
E % 10 i 1 1 1 i 1_ R
e 100 120 140 160 180 200
NDEL
1ol ¥ T ¥ T T W:\wg
20} W i
10 M _____ \ | : RO

100 120 140 160 180 200
Julian Day

E-1-1 Figure 111-3. Time series of water temperature at four locations in the Delaware Estuary system 29 March 1995 (Julian
Day 88) to 24 July 1995 (Julian Day 205). '
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E-1-1 Figure III-6. Polar plots of currents at four locations in the Delaware Estuary
system from 29 March to 17 May 1995. The spokes of the plot indicate direction of
the current; the concentric circles represent speed of the current. Units of speed are
cm/sec. The currents were measured two meters off the river bottom using the
SP2000 current meter.
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E-1-1 Figure III-7. Polar plots of currents at four locations in the Delaware Estuary
System from 18 May to 26 June 1995. The spokes of the plot indicate direction of the
current; the concentric circles represent speed of the current. Units of speed are cm/sec.
The currents were measured two meters off the river bottom using SP2000 current meters.




NNJ SP2000 Current Velocity 29 March-26 June 1995
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E-1-1 Figure [11-8. Time series of the upstream component of current velocity at four locations in the Delaware Estuary
system from 29 March 1995 (Julian Day 88) to 26 June 1995 (Julian Day 177). Positive upstream currents flow approximatcly
in the northerly direction. Units of velocity are cm/sec.
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E-1-1 Figure 111-9. Time series of the cross-stream component of current velocity at four locations in the Delaware Estuary
system from 29 March 1995 (Julian Day 88) to 26 June 1995 (Julian Day 177). Positive cross-stream currents flow
approximately in the easterly direction (from Delaware to New Jersey). Units of velocity are cw/sec.




REAL-TIME SYSTEM CURRENT MEASUREMENTS
: (15 May - 5 July 1995)

SN2043 (Top) GAUGE

SN2045 (Bottom) GAUGE

. - 8
E-1-1 Figure 1II-11. Polar plots of currents as measured by the Real-time System
current meters. The spokes of the plot indicate direction of the current; the
concentric circles represent speed of the current. Units of speed are cm/sec.
SN2043 (top) gauge currents were measured approximately 26 feet off the bottom;
SN2045 (bottom) currents were measured approximately 6 feet off the river bottom.
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E-1-1 Figure 111-12. Time series of east and north components of velocity and salinity as measured by SN2043 (top) gauge of
the Real-Time System. Measurements were made from 16 May to 5 July 1995,
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E-1-1 Figure HI-13. Time series of east and north components of velocity and hydrostatic pressure as measured by SN2045
(bottom) gauge of the Real-Time System. Measurements were made from 16 May to S July 1995, Pressure (tide) is in pounds
per square inch (psi).
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E-1-1 Figure I1I-14. Wind speed and direction at Artificial Island 29 March 1995 to
24 July 1995.
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E-1-1 Figure H-15. Wind speed and atmospheric pressure at Artificial Island 29 March 1995 to 24 July 1995. Wind speed is
in miles per hour and atmospheric pressure is in pounds per square inch.
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E-1-1 Figure [V-1. Wind speed and direction at Artificial Island 29 March 1995 to 24 July 1995.
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E-1-1 Figure IV-2. Wind speed and atmospheric pressure at Artificial Island 29 March 1995 to 24 July 1995. Wind speed is in
miles per hour and atmospheric pressure is in pounds per square inch.
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boundary as measured by the ADCP at 1230 (EDT) 'on 26 April 1995. The plot depicts currenis through a cross-section of the river;

the Delaware shore is to the left of the plot and New Jersey to the right. The color bar to the right indicates the magnitude of the current.

 Positive upstieam {flood) currents flow away froni the mouth of the Bay, negative {ebb) currents ﬁow to the mouth of the Bay.

Positive cross-stream currents flow toward the east {New Jersey). The botiem contour of the rivet éross-Section ;s rt,prumu.d in white. .
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E:l-1 l“xgurn {8 z_i Color plot of upstream ({top) and cross-stream (bottom) velocity along a Survey transect of t}m &omh near-heid
boundary as measured by the ADCP at 1530 {(EDT) on 26 April 1995, The plot dupu,ls currents through a crass-section of the river,

the Delaware shore is to the left of the ;:Iol and New Jersey to the right. The eolor bar to the n&ht indicates the magnitude of the current. :

Positive upstrearns (flood) currents flow away from the mouth.of the Bay, ntzgmwe {ebh) curfents ﬂmv to the mouth of the Bay. -
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E-1-1 Figure 11-24, ‘Lecation map dep:ctmg the C'"l“l) obiservatic
located on the north and south boundaries of the near-field study area as weii 4s the BN snd BSCTD s:te w:tlam
the intake basin, CTD profiles taken at these sites ovér tidal cycles were used to dev etop an undersmndmg of the

spatial and temporat varmbm{y of temperature and sahmt} in the Deiaware River.
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E-1-1 Figure [1-29. Sequential measurements of cross-stream variability of salinity

at the south-boundary of the near-field study area from 0845 to 1135 on 27 April
1995, -Each plot represents measurements at S1, S2, 83, and-$4 sites for a single transect.

The time of each transect is listed below the plot referénced to Eastern Daylight Time

(EDT). The plot represents  coarse cross-seclion 6f the river. Delaware shore is to the

lefl. New Jersey fo the right.: Tide elevation for the dayis presented at the 1op of the page .
in EDT. . o : ‘ S -
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at the south boundary of the neﬂr-ﬁe[d study area from 0830 te 1140 on 27 April
1995, Each plot represents measurements at N1, N2, N3, and N4 sites for asingle _
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E-1-1 Figure 1-33, Color time-series plet of &a!mnt}; variations at the B»S site for 20 June 1995, Cutur indi ate
the magnitude of salinity represented by the color bar to the right. The vertical axis represents depih from meﬁn tide
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E-1-1 Figure 11-37. ’Sequenﬁalmensumme:‘zts of cross-stream variability of salinity a1 the mouth

of Delaware Bay from 0825 to 1125 (EDT) on 2€} June 1995, Each plot represents measurements at four
sites for a single transect. The plot represeﬁte 8 coarse cross<section of the Bay. Lewes, Delaware is to
the left, Cape May,. New Jerwg is to the rlght‘ The gata represents baseline sahmt}* levels entering

_the system on tl:w; dav
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E-1-1 Figure 11-41. Sequentiiﬂ measurements of crqgsfst_rczxm‘s‘fariai}iiiry of salinity

at the south boundary of the near-field study area from 1413 to 1830-0n 22 June

1995, Each plot represents measurements at $1, 2. 83, and 54 sites for a single transect. -

The time of each transect is listed below the plot referenced to Eastern Daylight Time

(EDT). The plot of each transect represents a.coarse cross-section of the river. Delaware

shore is to the left. New Jersey to the right. Tide elevation for the day is presented at the ‘
top of the page in EDT. ' ' : ’
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E-1-1 Figure Il-42. Sequential measurements of cross-stream variability of salinity at the
“south l)fxul;_dar}f»ol' the‘.-_n'ez“st#'ﬁei(l. study area from 0840 to 1255 on 22 June 1995, L Fueh plot
- Urépresents measurements at N1, N2, N3, and N4 sites for a single transect, The time of each -
rtransectos isted below the plotreferenced o Eastern Daylight Time (EDTY The plot ot éadh
- lransectepresents a coarse cross-section of the river. Delaware share is to-the left, New Jersey
to-the i ght. Tide clevation for-the day 1s presented at the top of the page in EDT.
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E-1-1 Figure 11-43. Sequential measurements of cross-stream variability u{g{mlmity
at the south baundxn of the near«ﬁdd study areafrom 1420 to 1855 on 22 June
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CHAPTER 11
THERMAL MONITORING
11.0 THERMAL MONITORING BACKGROUND

Pursuant to Part 1V-B/C Section H.6(a). of the Salem Generating Station (SGS) New
Jersey Pollutant Discharge Elimination System (NJPDES) Permit No. NJ0005622
Public Service Electric & Gas Company (PSE&G) is required to perform a Thermal
Monitoring Program (TMP) as a component of the Biological Monitoring Program.
Portions of the TMP known as the thermal surveys of the Delaware River (the River)
were conducted by Lawler, Matusky & Skelly Engineers LLP (LMS) for PSE&G.

Since the time of acceptance (April, 1996) of the Original TMP\. the PSE&G prepared a
Modified Thermal Monitoring Program (Modified TMP), which was submitted by PSE&G
on 25 March 1998 and accepted by the NJDEP in May, 1998. The Modified TMP was
mandated by the unscheduled and extended outages experienced at SGS Units 1 and
2 since late spring of 1995. Unit No. 2 returned to steady state full power operation in
mid-October 1997. Unit No. 1 returned to steady state full power operation in May
1998.

PSE&G took advantage of the extended outage and conducted a survey of the spatial
distribution of ambient river temperatures (Ambient Survey) in July, 1997. A thermal
monitoring survey was conducted shortly after Salem Unit No. 2 returned to steady
state full power operation (Single Unit Survey) in October, 1997. The Modified TMP
makes reference to these two early surveys and their use in the new monitoring
paradigm for thermal modeling presented in response to the SGS outages.

The two monitoring components, the Ambient Survey and the Single Unit Survey, were
conducted using the methods described below.

The specific purposes of the Ambient Survey and/or the Single-Unit Survey were to:

¢ Collect data on the spatial distribution of naturally occurring river water
temperature in the Delaware Estuary in the vicinity of the Salem plant,
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« Collect additional data for the calibration and verification of the far-field
hydrodynamic model,

« Provide data for application of the models to characterize the thermal plume,

e Collect data to improve our physical understanding of thermal inputs from
shallow marshes surrounding the SGS, and

o Support the biothermal assessment through improved understanding of thermal
processes in the River, using both observational data and calibrated/verified
model output

11.1 AMBIENT SURVEY

11.1.1 OBJECTIVES

The Ambient Survey took place from 11 through 16 July 1997, when the SGS had not
been discharging heated cooling water for nearly two years due to extended outages.

- The objective of the Ambient Survey was to obtain data on the spatial temporal

variability of Delaware River water temperature in the absence of the SGS thermal
discharge.

The field measurements represent data both from instruments at mooredstations; as
well as mobile sampling by surface vessels equipped with oceanographic instruments.
Moored instruments were deployed concurrently for a five-day period from 11 through
15 July 1997. The mobile sampling was conducted on 14 and 15 July 1997,
encompassing the full semidiurnal tidal cycles on each day. Meteorological data were
coliected at PSE&G's Artificial Island meteorological station prior to and during the
Ambient Survey.

Ancillary data collected by U.S. Government ‘agencies during the Ambient Survey are
presented in this report. These data include tidal water surface elevation measured by
the National Oceanic and Atmospheric Administration (NOAA) and river flow gauged by
the U.S. Geological Survey (USGS). |

11-2



The purpose of this portion of the report is to describe the methods and materials
employed to collect the data (Section 11.1.2) and to present the data for the Ambient
Survey (Section 11.1.3). Analysis and interpretation of these Ambient Survey data,
conducted as part of the ongoing hydrothermal modeling, wm be provnded in the permit
renewal submittal (March 1999).

11.1.2 METHODS AND MATERIALS
_11.1.2.1 Overview of survey components

The Delaware River Study Area covered by the Ambient Survey extends 12 nautical
miles upstream and downstream of the SGS (Figure 11-1). The two major river-related
elements of the Ambient Survey are:

Mobile sampling - three survey boats occupied river transects on the
Delaware River on 14 July 1997 and transects at the mouths of four
tributary creeks on 15 July 1997.

Moored stations - oceanographic equipment was deployed at two river
stations and at the mouths of three tributary creek stations from 11
through 15 July 1997.

The methods and measurement equipment used for the mobile sampling and at the
moorings are described in the next two sections. The manufacturers and model
numbers of the equipment used and the manufacturer's specified accuracy are
summarized in Table 11-1. The calibration of the equipment is summarized in Table
11-2.

11.1.2.2 Mobile Sampling

Three survey boats occupied five river transects positioned at the SGS, and at 6 and 12
nautical miles upstream (positive) and downstream (negative) of the SGS (Figure 11-2).
in addition, transects at the mouths of four tributaries - Salem River, Mad Horse Creek,
Hope Creek and Alioway Creek - weré completed during 15 July 1997,




Each boat was equipped with a differential global positioning system receiver (DGPS),
a conductivity/temperature/depth profiler (CTD), an Acoustic Doppler Current Profiler
(ADCP), and a vpersonal computer (PC) to record the data. The configuration of the
measurement and data recdr_ding equipment with the power supplies is shown
schematically in Figure 11-3. An ADCP measures and records a profile of three-
dimensional water currents at discrete vertical intervals between the sea surface and
the bottom using acoustic sensing. A CTD measures and records the water
conductivity, temperature, -and depth of the instrument at programmable depth
intervals. Salinity is computed from the observed conductivity and temperature using
internationally accepted formulae. The DGPS makes use of radio positioning
information transmitted by U.S. Department of Defense satellites and by U.S. Coast
Guard radio beacons to geographically position the receiver, typically to within 2 to 3 m.
DGPS positibns are calculated roughly every 2 sec.

Three parameters were monitored in a two-step procedure at each transect. First,
temperature and conductivity ( for calculation of salinity) were measured near the water
surface (at a depth of 110 2 ft), at multiple locations along each transect. While the
boat was underway along the transect, ADCP observations were made simuitaneously
at muitiple depth levels throughout the water column. Second, vertical profiles of
temperature and conductivity were measured at up to eight stations on each transect

by lowering the CTD through the water. This monitoring sequence was repeated along

each transect during four tidal phases on 14 Jﬂuly 1997: ebbing tide, slack water
following ebb tide (end of ebb — EOE), flooding tide, and slack water foliowing flood tide
(end of flood — EOF).

11.1.2.3 Moored Stations

Oceanographic instruments were moored at five stations in the vicinity of the SGS
(Figure 11-4): |

e Mooring E;

* Mooring H;

e Mad Horse Creek mouth;

* Hope Creek mouth; and
e Alloway Creek mouth.
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All five stations were equipped with instruments measuring and recording water
conductivity, temperature, and dissolved oxygen (DO) concentration. Salinity was
computed from the conductivity and temperature observations, as discussed above.
Each station had a Conductivity/T émberature/Dissolved Oxygen (CT/DO) instrument
and data logger located near the water surface, near mid-water, and near the bottom
(Figure 11-5). The moorings also had redundant thermistors at each depth at all
stations. The moorings were deployed on 11 July 1997 and retrieved on 16 July 1997.

A tide gauge was installed at the SGS barge slip. The vertical position of the gauge
was surveyed to convert measured depth to water surface elevation relative to North
American Vertical Datum (NAVD). Local surveyors (Taylor Wiseman and Taylor) used
differential leveling to transfer an elevation from PSE&G Control Network Monument
Artis 2 to the SGS barge slip and then checked the level using the Artis 3 monument to
within 0.01 fi.

The CT/DO instrument was a YS! Model 600XLM, the thermistors were Onset Optic
Stowaways, and the tide gauge was a Coastal Leasing MicroTide. All values of
manufacturer's specified accuracy are listed in Table 11-1.

11.1.2.4 Ancillary Data Collected by NOAA, USGS and PSE&G

The contractor collated the following ancillary data collected by the USGS, NOAA and
PSE&G as part of their respective routine environmental monitoring programs.

» Water surface elevation as gauged continuously by NOAA at four locations
within the Delaware River Estuary:

NOAA STATION RIVER MILE
Lewes, Breakwater Harbor 0.0
Cape May 1.2
Reedy Point 58.2
Philadelphia 98.3

e Freshwater flow of the Delaware River at Trenton, New Jersey, as gauged by
the USGS (Gauge No. 01463500).
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o PSE&G meteorological observations near the SGS on Artificial Island
including:

e Air temperature

e Air pressure

o Atmospheric radiation

o Relative humidity

¢ Wind speed and direction

11.1.3 RESULTS

11.1.3.1 Overview of Data

Ambient Survey data are presented in five sections:
Mobile survey measurements

Moored station measurements

Tide data

Tributary creek flow and heat fluxes
Ancillary meteorological and hydrological data

o bk Wb

11.1.3.2 Mobile Survey Measurements

11.1.3.2.1 Vertical profiles of salinity and temperature. Vertical profiles of
conductivity and temperature of the Delaware River were measured at four phases of
the semidiurnal tide on 14 July 1997. Salinity was calculated from these data. Results

_ are presented by showing location where vertical profiles were taken, temperature

profiles corresponding to those iocations, and salinity profiles. Data plots are arranged
in rows corresponding to the five transects from north to south (i.e., +12 nautical miles,

+6 NM, 0 NM, -6 NM, and -12 NM). Each column corresponds to a profile along the '

transect, either to the west, center, or east of the navigation channel. Each phase
describes a two-hour interval relative to the NOAA predicted tidal elevation phase at
Artificial Island. Transect stations not sampled, because of fieid logistical problems, are
indicated by a missing plot.
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The 12 figures selected as representative of the mobile survey vertical are:

TIDAL STATION TEMPERATURE SALINITY
PHASE = LOCATIONS

EOF Fig. 11-6 Fig. 11-7 Fig. 11-8

Ebb Fig. 11-9 Fig. 11-10 Fig. 11-11
EOE Fig. 11-12 Fig. 11-13 Fig. 11-14
Flood Fig. 11-15 Fig. 11-16 Fig. 11-17

11.1.3.2.2 Temperature of water surface. To show variation of temperature across
the study area, the lowest surface temperature measured during the entire mobile
survey (reference temperature) was subtracted from all other measured temperatures,
and depicted on four aversized figures:

TIDAL PHASE FIGURE NO.
EOF , 11-18
Ebb : 11-19
EOQOE 11-20
Flood 11-21

The lowest surface temperature (reference temperature) observed during all four tidal
phases was at the transect location -12 NM.

11.1.3.2.3 Velocity. River current velocities measured using ADCPs are presented as
cross-sectional piots for the five transects, arranged from the most upstream transect at
the top of the page to the most downstream transect at the bottom of the page. The
four figures showing the river cross-sectional velocity are:




TIDAL PHASE FIGURE NO.
EOF 11-22
Ebb \ 11-23
EOE 11-24
Fiood 11-25

The transects were not measured simultaneously, since the vessels had to proceed
from one transect to another. Therefore, the data from different transects were not
collected synoptically during any single phase of the tide.

Color represents the magnitude and direction of velocity perpendicular to the river
transect (that is, along-channel speed). The color-coded scale on each figure differs to
accentuate the lateral and longitudinal variability in velocity for each transect sample.
The river discharge along each transect was computed using the velocity and
associated cross-sectional. The estimated discharge is presented on each figure.

11.1.3.3 Moored Station Measurements

11.1.3.3.1 Vertical profiles of temperature, salinity, and dissolved oxygen. The
data recorded at surface, mid-water, and bottom levels at the five moored stations
during the 2-hr tidal phase intervals defined for the 14 July 1997 survey are presented
as a series of vertical profiles. The minimum, maximum, and mean at the three depths
are shown as end bars and a solid circle, respectively, in each plot. Each temperature
bar is computed using both the CT/DO and the thermistor measurements at each depth
level. Similar presentations of salinity and dissolved oxygen data are also made. The
12 figures showing the data for the two river-and three marsh creek mouth moored
stations are:

Tidal Temperature Salinity DO

EOF Fig. 11-26 Fig. 11- Fig. 11-34

Ebb Fig. 11-27 Fig. 11- Fig. 11-35

EOE Fig. 11-28  Fig. 11- Fig. 11-36

Flood Fig. 11-29 Fig. 11- Fig. 11-37
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DO data failing QA/QC, included the mid-water measurements at Hope Creek and the
surface observations at Mad Horse Creek. The symptoms suggest a meter
malfunction. The DO meter at the surface of Mad Horse Creek apparently
“malfunctioned on 12 July 1997 (seé' Section 11.1.3.3.2). Ali other DO measurements in
the Delaware River and Alloway and Hope creeks were consistently close to saturation.

11.1.3.3.2 Time series in temperature, salinity, and dissolved oxygen. The time
_ series of temperature, salinity and DO data recorded at individual CT/DO instruments
are presented in the following figures: ‘

Station Temperature Salinity DO
Delaware E Fig. 11-38 Fig. 1143  Fig. 1148
Delaware H Fig. 11-39  Fig. 1144  Fig. 1149
Alloway Creek Fig. 1140 Fig. 1145  Fig. 11-50
Hope Creek Fig. 11-41 Fig. 1146  Fig. 11-51
Mad Horse Fig. 11-42 Fig. 11-47  Fig. 11-52
Creek

The DO data also passed QA/QC, except at Mad Horse Creek following 12 July 1997,
and the mid-water DO data at Hope Creek (see previous section).

11.1.3.4 Tide Data

The water surface elevation measurements recorded by NOAA at Lewes, Cape May,
Reedy Point, and Philadelphia and by PSE&G at the SGS are shown as Figure 11-53.
The lower plot in this figure shows the tides on 14 July 1997. The average tidal range
for the six days of measurement and 14 July 1997 shows a general increase from the
mouth of the river to Philadeiphia (Figure 11-54). The lag in the time of high and low
water relative to the mouth of the River is shown in the lower piot of this figure. For




comparison, NOAA tidal forecasts, based on long-term tidal records for the five river
stations (referred to previously), are presented in Figures 11-55 and 11-56. The tidal
range and times of low and high water predicted by NOAA generally match the
observed data. '

11.1.3.5 Hydrological and Meteorolo’gidal Data

The time series flow in the Delaware River observed at the USGS Trenton gauging
station and the meteorological data observed at the Artificial Island station for the
period just prior to and during the Ambient Survey are shown in Figure 11-57. The two
weeks prior to and including the 14 and 15 July 1987 mobile survey were periods of
generally fair weather.

Daily maximum air temperatures ranged from the mid-70s to the ‘Iow-Qos, and the
overnight low temperatures ranged from the mid-60s to the mid-70s. The barometric
pressure record suggests that a relatively stable air mass occupied the region during
the entire period, with no storms or frontal movements, and the wind speeds and
directions were correspondingly moderate and steady. The Artificial Island rain gauge
recorded no rainfall during the two-week period prior to and including the mobile
survey,

Delaware River flows for the two weeks prior to the mobile survey ranged between
3000 and 4000 cfs, typical of a period of little regional rainfall, According to the USGS
Water Resources Data, New Jersey 1996, the long-term mean river flow at the Trenton
gauge during July is 7104 cfs.

11.1.3.6 Summary of Survey Results

The data collected during the Ambient Survey provide a characterization of ambient
river conditions in the vicinity of SGS. In general, the data passed QA/QC procedures

(with few exceptions as noted in the text), and are therefore usable in defining’

background summer, low river flow conditions.
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11.2 SINGLE-UNIT SURVEY
11.2.1 OBJECTIVES

The second thermal survey took place between 21 and 30 October 1997, a period
when only one (Salem Unit No. 2) of the two power generating units was operating.
This thermal survey had as its objective the collection of data to support the far-field
hydrodynamic modeling. '

As with the Ambient Survey, moored stations and mobile surveys were included as the
means of data collection. However, the scope-of this survey surpassed that of the
Ambient Survey in several aspects. It included:

o A greater number of moored stations were installed
o Initial conditions were sampied at the beginning of survey
o Additional tide gauges were instalied
e A bottom-mounted ADCP was deployed
» Additional boats participated in the mobile survey

The primary components of the Single-Unit Survey included:

o |Initial conditions survey

» Tidal boundary survey

e Tide gauges

o Moored stations

» Fixed-station ADCP

* Mobile survey of river

¢ Mobile survey of marsh mouths
o Ancillary data

Section 11.2.2 describes the methods and materials employed to collect the data. The
data for the Single-Unit Survey are presented in Section 11.2.3. Analysis and
interpretation of the Single-Unit Survey data will be conducted as part of the ongoing
hydrothermal modeling and will be described in the March 1999 permit renewal
submittal. '

11-11
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11.2.2 METHODS AND MATERIALS
11.2.2.1 Overview of Survey Components

The Single-Unit Survey covered the Delaware River from Trenton, New Jersey, to the

mouth of Delaware Bay at Cape May, New Jersey. However, measurements were

concentrated on the reach that extends 12 NM upstream and downstream of SGS. The

~ overall sampling scheme consisted of moored oceanographic meters deployed at

selected locations to record data during, before and after a period when mabile surveys

" took place. A timeline of the survey components is shown in Figure 11-58. The major

components of the Single-Unit Survey included:

Initial Conditions Survey — Vertical profiles of conductivity (salinity) and temperature

were measured at 16 stations spaced at 5- to 10-nmile increments

between river miles 0 and 120 using two boats on 21 October 1997,

Tidal Boundary Survey - Vertical profiles of conductivity and temperature were
measured at three locations spaced along the Delaware River mouth
during flood using one boat on 27 October 1997.

Tide Gauges — Water surface elevations were measured at six locations between 14
and 28 October 1997.

Moored stations — Meters were deployed at three depth levels at mooringé set af 24
locations to measure temperature at all locations and conductivity
(salinity) and DO at selected locations between 21 and 31 October 1997.

Bottomn Mounted ADCP — Current velocity was measured at one location near the -

discharge between 16 and 18 October 1997.
Mobile surveys - Five survey boats occupied river transects on 28 October 1997.
Mobile surveys of marsh mouth - The four tributaries of the Delaware River covered

by the Ambient Survey were also monitored during the Single-Unit Survey
and were conducted at the mouths of four tributaries on 29 October 1997

11-12

3



Ancillary data - Various ancillary oceanographic and meteorological data from
available sources were compiled to support the data collection effort.

The methods and measurement equipment used for these survey components are
described in the following sections. The manufacturer and model number of the
equipment used and the manufacturer's specified accuracy are summarized in Table
11-3. The calibration of the equipment used in the Single-Unit Survey is summarized in
Table 11-4.

11.2.2.2 Initial Conditions Survey

Calculation of river temperatures and hydrodynamics using the hydrothermal modei of
the Delaware River requires initial conditions as input to the model. The initial
conditions for the one-week survey period were measured on 21 October 1997.
Conductivity (salinity) and temperature were measured throughout the water column
using Falmouth Scientific Inc. CTDs at 16 locations along the navigation channel from
the Delaware River mouth to Trenton, at river mile (RM) locations: 0, 10, 20, 30, 40,
45, 50, 55, 60, 65, 70, 80, 90, 100, 110, and 120 (Figure 11-58). One vessel covered
from the Delaware River mouth to RM40 and the second vessel covered from RM45 to
RM120.

11.2.2.3 Tidal Boundary Survey
Vertical profiles of conductivity and temperature were measured at three locations
spaced along the Delaware River mouth during flood using one boat on 27 October

1997.

Three tide-gauges were occupied as part of the tidal boundary survey component;
locations of the gauges are shown on Figure 11-60.

11.2.2.4 Tides Gauges
Tide gauges were installed by LMS at six stations along the Delaware River:

o Cape May
e Woodland Beach (near Ship John Shoal)

11-13




¢ Salem Barge Slip

o Western C&D Canal

o Eastern C&D Canal (Reedy Point)
e Marcus Hook

in additioh; NOAA maintains continuously-recording tide gauges at four locations (see
Section 11.1.2.4). The locations of the 10 tide gauging stations are shown in Figure 11-
B61.

11.2.2.5 Moored Stations

Moorings equipped to measure certain parameters were installed at twenty-four
stations in the river and at the mouths of three tributaries (see Figures 11-5 and 11-62).
The oceanographic parameters measured at these stations varied as follows:

Temperature, conductivity, and DO - five stations (samé locations as Ambient
Survey stations)

Temperature and conductivity - nine stations
Temperature - ten stations

The sensors for temperature and/or CT/DO deployed at surface, mid-water, and bottom
positions for each moored station are listed in Table 11-5.

All moorings were deployed between 15 and 16 October 1997. Two of the 24 moorings
were lost during the deployment; the remaining 22 moorings were retrieved between 31
October and 4 November 1997. '

11.2.2.6 Fixed Station ADCP

An ADCP was deployed by divers in the vicinity of SGS's discharge on 16 October
1997. The location of the ADCP is shown on Figure 11-66 After deployment an
electrical cable on the unit frayed, presumably by its motion and contact with mooring
hardware. This the frayed cablie resulted in termination of data logging on 18 October
1997. The ADCP was retrieved on 30 October 1997. '

11-14
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11.2.2.7 Mobile Surveys

Five survey boats occupied the transects shown in Figures 11-63, 11-64 and 11-65.
Two boats occupied the same transeéts during each of four tidal phases sampled on 28
October 1997:

Boat Number 4 — Transects +6 and + 12 NM
Boat Number 5 — Transects —6 and —12 NM

The transects covered by the remaining three boats depended on the tide. Boats 2 and
3 covered the river east of the navigation channel and were generally upstream and
downstream, respectively, of SGS ddring ebb and flood tide. The transects these two
boats occupied shifted upstream for the EOF phase and downstream for the EQCE
phase to track the higher temperatures that were likely within the thermal plume. Boat
1 occupied the 0 NM transect (full width of the river) during ali four tidal phases and
was used as a “rover” to delineate the thermal plume in the vicinity of the discharge
(Figure 11-65).

All boats were equipped with DGPS receivers, a CTD, and a PC, as described
previously (Section 11.1.2.2 and Figure 11-3). Sampling for temperature and
conductivity was performed two ways: (1) temperature and conductivity (salinity)
measurements were obtained from a depth of 1 to 2 ft (near water surface) as the boat
traveled along the transects, and (2) vertical profiles of temperature and salinity at a
number of stations when the boat was stopped. For sampling method 1, the three boats
closest to the SGS thermal discharge (Boats 1, 2, and 3) were equipped with Ocean
Temperature Modules (OTM). The three boats measured temperature as they were
underway along the transects, whereas Boats 4 and 5 were required to stop
periodically to take near-surface temperature measurements. The OTM equipment
allowed more frequent measurements in the vicinity of the discharge, where larger
horizontal temperature gradients occur. For sampling method 2, the CTD was lowered
at vertical profiling stations from each of the five vessels, and recorded data from the
water surface to the bottom at closely spaced, but discrete, depth intervals.

Boats 1, 4, and 5 were also equibped' with ADCPs to measure current velocity at
various depth strata.
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Due to high winds and accompanying rough water, some transects were not occupied.
11.2.2.8 Mobile Surveys of Marsh Mouths

The four tributaries of the Delaware River covered by the Ambient Survey (Salem River,
Mad Horse Creek, Hope Creek, and Alloway Creek) were also monitored during the
Single-Unit Survey. The CT/DO meters on Boats 1 and 4 (see Table 11-3) were used
to measure temperature, conductivity (salinity), DO, and current velocity during four
tidal phases on 29 October 1997. ‘ :

11.2.2.9 Ancillary Data

The Deiaware River data routinely collected by NOAA, USGS, and PSE&G, which were
described in Section 11.1.2.4, were also collected during the Singl_e-Unit Survey.

11.2.3 RESULTS
11.2.3.1 Overview of Data

The data recorded during the Single-Unit Survey were downloaded and compiled. All
data were subjected to QA/QC procedures. Data missing from the two lost moorings
and abbreviated measurements by the bottom ADCP represent a approximately 1% of
the data coliected, thus providing sufficient data to support therma! modeling.

The results of the field measurements are presented graphically in the foliowing
subsections. '

11.2.3.2 Initial Conditions Survey
The vertical profiles of temperature at the 16 stations along the River are presented in

Figures 11-66 and 11-67. The vertical profiles of salinity are shown in Figures 11-68
and 11-69. - : g '
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11.2.3.3 Tidal Boundary Survey

Vertical profiles of temperature and saiinity are presented for three stations at the
mouth of the River along the modei boundary transect. The plots of temperature and
salinity data taken at five time intervals during flood tide are shown in Figures 11-70
and 11-71, respectively.

11.2.3.4 Tide Gauges

The water surface elevations measured at six tide gauge stations installed for the
Single-Unit Survey were converted to the common datum (NAVD) by surveying from a
vertical control benchmark. In addition, data recorded by NOAA at their four tidal
gauging stations were also converted to NAVD. The tidal variations in water surface
elevation between 21 October and 1 November 1997 at these 10 stations are shown in
Figures 11-72 and 11-73 The time series during the mobile survey of 28 October 1997
are shown in Figures 11-74 and 11 -75.

The average and minimum/maximum ranges in tide between high and low water are
shown for the 11-day period and the single day in Figure 11-76. The tidal elevation
time delay, or phase lag from the mouth upstream to Philadelphia, is shown similarly in
Figure 76.

11.2.3.5 Moored Stations

22 of the 24 moorings set in the River and at the mouths of tributaries were retrieved,;
moorings 8 and 21 were lost. Three of the 66 retrieved meters had data losses due to
instrument malfunction:

Mooring 3 surface
Mooring 3  bottom
Mooring 10 surface

Two instruments sampled at the wrong sampling rate (12 hrs. instead of 10 minutes):

Mooring 3  mid-water
Mooring 4  mid-water
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The temperature, salinity and dissolved oxygen data are presehted graphically in two
ways: vertical profiles and time series.

The vertical profiles of temperature, salinity, and DO are presented as sets of five
figures for each tidal phase. Each tidal phase presents data from different locations,
and includes temperature, salinity, and dissolved oxygen monitoring resulits:

Tidal Phase  Location Temperature Salinity DO

Flood Fig. 11-77 Fig. 11-78 Fig. 11-78 Fig. 11-80  Fig. 11-81
EOF Fig. 11-77 Fig. 11-82  Fig. 11-83 Fig. 11-84 ~ Fig. 11-85
Ebb Fig. 11-77 Fig. 11-86  Fig. 11-87 Fig. 11-88  Fig. 11-89
EOE Fig.11-77 Fig. 11-80  Fig. 11-91 Fig. 11-92  Fig. 11-93

The mean value of each 2-hr interval is shown as a dot and the minimum and
maximum values are shown as the ends of horizontal bars. Data availability is

tabulated in Table 11-5.

@)
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o The time series of temperature, salinity, and DO are shown for all 22 moored stations:

Station Temperature Salinity ‘ DO
1 Fig. 11-94 Fig. 11-85 Fig. 11-96
2 Fig. 11-97 Fig. 11-98
3 Fig. 11-99 Fig. 11-100
4 Fig. 11-101 Fig. 11-102
5 Fig. 11-103 Fig. 11-104
6 Fig. 11-105 Fig. 11-106
7 Fig. 11-107 Fig. 11-108
9 Fig. 11-109 Fig. 11-110
10 Fig. 11-111 Fig. 14-112
Alloway Creek Fig. 11-113 - Fig. 11-114 Fig. 11-115
Hope Creek Fig. 11-116 Fig. 11-117 Fig. 11-118
Mad Horse Creek Fig. 11-119 Fig. 11-120
E Fig. 14-121 Fig. 11-122 Fig. 11-123
H Fig. 11-124 Fig. 11-125 Fig. 11-126
I Fig. 11-127
K Fig. 11-128
v Fig. 11-129
L Fig. 11-130
o N Fig. 11-131
22 Fig. 11-132
23 Fig. 11-133
24 Fig. 11-134

The DO data at the bottom of Alloway Creek and the surface of Hope Creek are
suspect. Similarly, the bottom DO at Station E appears questionable. All other data
passed QA/QC checks.

11.2.3.6 Fixed Station ADCP

The current speed and direction measured by the bottom-mounted ADCP at 5-ft depth
intervals are shown in Figure 11-135. This gauge was deployed near the discharge
location.

11-19

30l o



@ 11.2.3.7 Mobile Survey of River

The measurements taken during the mobile survey of the Delaware River on 28
October 1997 are presented as plots of surface isotherms and as vertical profiles. The
surface temperature plots for each of the four tidal phases cover the full 24-mile extent
of the river, as well as a close-up of the vicinity of the SGS discharge. The eight figures

showing surface temperatures are:

Tidal Phase Full Extent Close-up
Flood Fig. 11-136 Fig. 11-137
EOF Fig. 11-138 Fig. 11-139
Ebb Fig. 11-140 Fig. 11-141
EOE Fig. 11-142 Fig. 11-143

The vertical profiles of temperature and salinity are shown as sets of five figures for
each tidal phase: location of vertical profile stations, and two figures each of
temperature profiles and salinity profiles at representative stations: '

@

Tidal Phase Location Temperature Salinity

Flood Fig. 11-144 Fig. 11-145  Fig. 11-146 Fig. 11-147  Fig. 11-148
EOF Fig. 11-149 Fig. 11-150  Fig. 11-151 Fig. 11-152  Fig. 11-153
Ebb ‘ Fig. 11-154.  Fig. 11-155  Fig. 11-156 Fig. 11-157  Fig. 11-158
EOE Fig. 11-159 Fig. 11-160  Fig. 11-161 Fig. 11-162  Fig. 11-163

The current velocity data measured along the five river transects are presented as
cross-sectional plots, showing only the along-river component:

Figure No.

Tidal Phase
Flood : Fig. 11-164
EOF Fig. 11-165
Ebb Fig. 11-166
EOE Fig. 11-167
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Since the measurements along the transects did not occur at the exact same time
within the local tidal cycle, the data cannot be compared visually in a quantitative
fashion.

11.2.3.8 Mobile Surveys of Marsh Mouth

The temperature and salinity data recorded during the marsh mouth surveys are
. presented as vertical profiles:

Location Temperature : Salinity

Salem River Fig. 11-168 Fig. 11-169
Alloway Creek Fig. 11-170 Fig. 11-171
Hope Creek Fig. 11-172 Fig. 11-173
Mad Horse Creek Fig. 11-174 Fig. 11-175

The water discharge into and out of the four tributaries was calculated using the
measured current velocity and cross-sectional area during each measurement interval.

11.2.3.9 Anciliary Data
The meteorological data collected by PSE&G during the Single-Unit Survey include:

* Wind speed and direction
e Air temperature

¢ Barometric pressure

e Solar radiation

e Dew point temperature

e Cloud cover

11-21
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These data are shown graphically in Figure 11-176. Hourly precipitation data also
collected at PSE&G's monitoring station show rainfall on five days during the survey

period:
Day in October 1997 Rainfall (in.)
19 0.12
24 0.10
25 ' 0.77
26 - 0.56
27 0.06

These meteorological data show a storm preceding the mobile survey. The flow in the
Delaware River at Trenton increased on 25 October 1987 and then decreased on 28
October 1997 according to USGS river-gauging data (Figure 14-177).

11.2.3.10 Summary of Survey Results

” The data coliected during the Single-Unit Survey met the survey objective and
contributes data and information useful for the nearfieid and farfield modeis. Small data
gaps identified in this report pose no significant risk to the modeling success.

11.3 LITERATURE CITED

U.S. Environmental Protection Agency (EPA). 1985. Rates, Constants and Kinétics
Formutations in Surface Water Quality Modeling (second edition). EPA/600/3-85/040.
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Figure 11-1
PSE&G Ambient Survey
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Figure 11-2
PSE&G Ambient Survey
Transect Locations
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Vertical Locations
14 July 1997; Ebb Phase
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Salinity Vertical Profiles
Ebb Phase [09:51 - 11:51 (est)]
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14 July 1997, EOE Phase
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Temperature Vertical Profiles
EOE Phase [12:39 - 14:39 (est)]
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FIGUIS 17w

- PSE& U Ambient Survey
Vertical Locations
14 July 1997, Flood Phase
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®SE&G Ambient Survey; 14 July 1997

Temperature Vertical Profiles
Flood Phase [16:15 - 18:15 (est)]
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PSE&G Ambient Survey; 14 July 1897

Salinity Vertical Profiles
Flood Phase [16:15 - 18:15 (est))
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Figure 11-26

PSE&G Ambient Survey: 14 July 1997
Temperature Verucal Profiles {(Moorings)
EQF Phase (06.22 - 08:22)
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rigure i-gf

PSE&G .-\m!‘;lenl Sunr_\'; 14 July 1997
Temperature Venical Profiles {Moonngs)
Ebb Phase (09:81 . 11:81)
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Figure 11-28

PSE&G Ambient Sunvey: 14 July 1997
Temperature Vertical Profiles (Moonings)
EOE Phase (12:39 - 14:39)
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Figure 11-28

PSE&G Ambient Survey: 14 July 1997
Temperature Verucal Peofiles (Muormgs)
Flood Phase (16:15 - 18:1%)
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Figure 11-30 .‘

PSE&G Ambient Survey: 14 July 1997
Salinnty Vertical Profiles (Modnings)
EOF Phase (06:22 - 08:22)
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Figure 11-31

PSE&LG Ambient Suney; 14 July 1997
Sahinity Venical Profiles (\uorings)
Ebb Phase (09:51 - 11:51)
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Figure 11-32

PNE&G Ambient Survey: 14 July 1997
Nahinits Vertical Profiles {Moorings)
EOE Phase (12:39 - 18.39)
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Figure 11-33

PSE&G Ambient Sumver: 14 July 1997

Sahnnty Vertical Profiles (Moonngs)
Fivod Phase (16:15 - 18:15)
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PSE&G Ambient Survey, 14 July 1997
Dissolved Oxygen Vertical Profiles (Moonngs)
EOF Phase (06:22 - 08:22)
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Figure 11-35

PSE&G Ambient Survey: 14 July 1997
Dissolved Oxygen Vertical Profiles (Nloorings)
Ebb Phase (09:51 - 11:51)
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Figure 11.36

PSE&G Ambient Survey; 14 Juls 1997
Dissvived O1vgen Vertical Profiles (Moorings)
EOE Phase (12:39- 13:}9)
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Figure 11-37

PSE&G Ambient Survey; 14 July 1997
Dissolved Ozygen Vertical Prafites (Moonngs)
Filood Phase (16:15- 18:1%)
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Figure 11-38

PSE&G Ambient Survey; 11-16 July 1997
Temperature Temporal Profiles (Moorings)
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Figure 11-38

PSE&G Ambient Survey; 11-16 July 1997
Temperature Temporal Profiles (Moorings)
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Figure 11-40

PSE&G Ambieni Survey: 11-16 July 1997
Temperature Temporal Profiles (Moorings)
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- Figure 11-41

PSE&G Ambient Survey: 11-16 July 1997
Temperature Temporal Profiles (Moorings)
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. ) Figure 11-42

: ' PSELG Ambiest Survey: 11.16 July 1997
Temperature Temporal Profiles { Moorings)
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Figure 11-43

PSE&G Ambient Survey: 11-16 July 1997
Salinity Temporal Profiles (Moorings)
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Figure 11-44

PSE&G Ambient Survey: 11-16 July 1997
Salinity Temporal Profiles (Moorings)
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Figure 11-45

PSE&G Ambient Survey: 31-16 July 1997
Salinity Temporal Profiles (Moorings)
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Figure 11-46

PSE&G Ambient Survey; 11-16 July 1997
Salinity Temporal Profiles (Moorings)
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Figure 11-47

PSE&G Ambient Survey; 11-16 July 1997
Salinity Temporal Profiles (Moorings)
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Figure 11-48

'PSE&G Ambient Survey: 11-16 July 1997
Dissols ed Osygen Temporal Profiles {Moorings)
DELAWARE E

Surface

W
" -
% -
T
12 -
L3 .
T o
z a
z " o .
Iw_—_ﬁﬂ _ﬂ. o M
: s et \F“M
s - )
5.
v
TR THST 6 T1LT e RS A M MR AR M RIS VIR TR T thaet e Tittee TI89T 206 Tledi e,
Date-Tume
Muddle
"
4
¥

ettt Tipe

Bottom



‘Figure 11-49 ‘

PSE&G Ambient Surey; 11-16 July 1997
Dissolved Osygen Temporal Profiles (Moorings)
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Figure 11-50

PSE&G Anbient Survey; 11-16 July 1957
Dissols ed Orxygen Temporal Profiles (Moorings)
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Figure 11-51 /%%%?/52 -/ '
PSE&G Ambient Survey: 11-16 July 1997 4&. '

Dissvived Oxygen Temporal Profiles (Moorings)
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Figure 11-52

PSE&G Ambient Survey; 11-16 July 1997
Dussolved Oxygen Temporal Profiles (Moorings)
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F;gure 1‘% 54

: psg&o Ambient Survey: July 1997 .
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Figure 11-55
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Figure 11.59
L ocation of initial Conditions Stations
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Figure 11-60
Tidal Boundary Condition Stations
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Figure 11-61

PSE&G 1-Unit Survey; 28 October 1997 ‘
Delaware River / C&D Canal Tide Gages
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NORTHING, ft (NJSPCS)

Figure 11-62
PSE&G 1-Unit Survey; 28 October 1997

Moorings and ADCP Stations:

300009f 7 @*’»\L
' 7 | Wﬁ@i"
d -
/ 2 4

’ ‘ : L
290006 ’\\i \ , N ti\’ﬁ;j \é"f“\/'
R4 S
280006 . ; N b
N A AE A
& Id

I

..,/T \‘\\
260000 g i
1
250000 / B
o 2

/ J .
’ i i

240006/

* Moornngs for
temperature |

* Bottom ADCP| T~

K ,
~ ‘\
230006 % - ‘
‘\.\ =
://*J"\/'\_> \\\{\
220006 ;%f”\ N NN
r {g\
ey
210006 N
==
200006 e
W
~ \'\
190006 BV aSa¥ag 5
4 PN
180000 =
170000- = NS .
. N ' NN :

1740000 1750000 1760000 1770000 178U000 1790000 1800000 1810000
EASTING. ft (NJSPCS)

5“’”



Figure 11-63
PSE&G 1-Unit Survey
EOF Transect Locations
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Figure 11-64
PSE&G 1-Unit Survey
EOE Transect Locations
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Figure 11-65

PSE&G 1-Unit Survey
Ebb/Flood Transect Locations
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Figure 11-66

Initial Conditions
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Figure 11-67
PSE&G 1-Unit Survev: 2! October 1997
Vertical Temperature Profiles
Initial Conditions

Tempesitom ()
103 1% ez e aat 223
——

€ -
3 mo- !
.. H
. .
H '
i X2 - R
< H
$ o !
1
RUSISIT Y]
95 - 7 Ceaber 1"
Tuwe 0948 asy
Tewmpersivee 120
166 12C 142 43 103 20
L I
i
€ iaa - i
H i
i !
§ Lo - !
“ .
: i
.: 00 - )
H ) !
z '
< 00 - l
!
VIR ~(F ~tun,
MO - 2 Cxtabwer )9




Figure 11.68
PSE&G 1-Umit Survev: 21 uuvwober 1997
Vertical Salinity Profiles
Initial Conditions.

Sanatr g Sauasty ippit Sairawty gt
oc 130 R i AL a3 ioe e »e [L-3) . 33 LR B .
00 ———————— 9.0 e 05 e L
Z a0 - T e € ey
. M 4 :
3 2 2 .
HETE 3 220 3 100 .
o - LR
: : H
3 i »e & %0 - i
3 i H
& a0~ = e
ATRT -1 TIET-1C - 00mu YO -,
o - It rsder 100 W0 - 3V velaber (86T Wwe - 2 by 139°
e b1 & Tume 1027 . Tume 113s
Salumty topts
96 a4 06 wa 32 o
LE)
IR 3 T o, :
. . . ] 1
: 2 K}
3 wmo- 3 } ree <
2 - - '
. H ) H 3
. 'Y = 00 < \
" ' £ <
: z H ' i
5 L r |
LY 1 = e~ ~ W08 -
VERT-1 . Mmy [0 IR, ' VEXT-IC - 43
30 - 21 Oetewer 1T 0o - 1 Qetaner (87 300 - St Vrlamer 1AV
Tume 040) A Tums 1042 & Tame 108 W
Sabaiir gt Sensity 1ppur Sesany 1ppsy
) 400 . 200 asd 20 136 e WD o 43 et R e 02
90 e 00— T 00 e e e
s - ERRLE I o
H N 4 = v
1 s { : )
P PRSI 3 10 -
2 2 i 2 \
B 2 ! 2 \
s Rl : 3 300 - "
: ‘ 3 {
: : { i .
s oo - . LSy e 2w |
! :
AT -4, YOTK . e
PO D1 ouriener (497 PRI Iy uetdaes 1040
Time 133 &y Tigse 1208 n
e igpr
Vi BRI 03 .
v PRI PR N
ER .o . i
: + .
o I !
H
i
AN ] "
B
ER. l .
’ VET gl O wame
DN Lt sevawer o330 sco - U Orsanerc.edt
Tiwa 73l B Tomme 41312 »e
wanine g [T
B N L - . IR} (e 100 . D
- D L —— e et %
I T




29
(X}

1004

20 -

wo -

Peasin Bslow Suriere 40y

‘o -

2o
Y

o -

£
.
é

mo -

eptn

00 -

L

Salauy 1991
1937 e 300

Selaaty 1ppt]

103 B e
I

i

]

i

i

'

1

H

st o,
2L Ocamer Il"
Tar o3 e
'

]

!

3

Figure 11-69
PSE&G 1-Unit Survey: 21 October
Vertical Salinity Frofifes
Initial Conditions
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Figure 11-70

PSE&G 1-Unit Survey: 27 QOctober 1997
Vertical Temperature Profiles
Tidal Boundary Cond:ilions
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Figure 11-71
PSE&C 1-Unit Survey: 27 October 1997
Vertical Salinity Profles
Tidal Boundary Conditions
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Figure 11-72
PSE&G 1-Unu Suneyv: Ociober 1997
Delaware River! C&D Canal Tide Gages
Temporal Variation

PHILADELPHI A (RN 9802

A A A A
VRN

o o e e} pLY e pa oYl IO WO “.on 3 Oxt




Delaware River

Figure 11-73
PSE&G 1-Unyt Survey: October 1997
Delaware Rivers C&D Canal Tide Gages
Temporal Vananon
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 Figure 11-74

PSE&G |-Unit Survey: 28 October 1997
Delaware Rivers C&D Canal Tide Gages
Temporal Varianon
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Figure 11.75
PSEw I-Untt Survey, 28 Octoper 1957
Delaware River/ C&D Canal Tide Gages
Temporal Variaton
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Figure 11-76
PSE&XG i-Umit Suney: October 1997
Delaware River Tide Gages
Spatial Vanianon
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Figure 11-77
PSE&G 1-Unit Survey
Ebb/Flood Transect Locations
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Figure 11-78

PSE&G 1-Unit Survey; 28 October 1997
Temperaturs Vertneal Profiles Moonngs)
Flood Phase (06:30 - 08:30)
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Figure 11-79

PSE&G }-Unit Survey: 28 October 1997
Temperature Verucesl Profiles (Moorings)
Flood Phase (06:30 . 08:30)
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Figure 11-80
PSE&G 1.Unit Survey, 28 October 1997
Sstinity Veetical Profiles (Moonings)
Flood Phase (04:30 - 08.30)
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Figure 11-81

PSE&G 1-Unit Survey: 18 October 1997
Dussaived Oxygen Verueat Prafiles (Moonings)
Flood Phase (06.30 - 08:30)
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Figure 11-82

PSEA&C i-Unit Survey; 18 October 1997
Temperature Vertiesl Profiles (Moorings)
EOF Phaae (09:10 - 11:10)
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Figure 11-83

PSE&LC 1-Unit Survey: 28 October 1997
Temperature Vertical Profiles (Moorings)
EOF Phase (09:10 - 11:10)
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Figure 11-84

PSE&G 1-Unit Survey; 28 October 1997
Saliniry Vertical Profiles (Moonng)
EOF Phase (09:10 - 11:10}
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Eigure 11-85

PSE&G 1-Unit Survey; 18 October 1997
Dusolved Orygen Vertical Profites (Moorings)
EOF Phase (09:10-11:10)
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Figure 11-86

PSEAG i-Unit Sufny: 28 Octaber 1997
Temperature Yertical Profiles (Moorings)
EBB Phase (12:25.13:
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Figure 11-87

PSE&G 1.Unit Survey: 18 October 1997
Tempersture Vertical Profiles (\Moonings)
EBB Phase (12.25-1):25)
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Figure 11-88

PSELG 1-Unit Survey; 18 October 1997
Sshinsty Yerncat Profiles (Moonngs)
EBB Phase (12:25-13:25
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Figure 11-89

PSE&C 1-Unit Survey; 28 October 1997
Dissoived Oxygen Verticsl Profiles (Moorings)
EBB Phase (12:15 . 13:18)
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Figure 11-90

PSE&G 1-Unit Survey: 28 October 1997
Temperature Verucal Profiies (Moonngs)
EOE Phase (16:15 - 18 19
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Figure 11-91

PSE&C 1.Unit Suney; 18 October 1997
Temperature Veruaal Profiles (\toarings)
FQE Phase (16:15- 18:18)
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Figure 11-92

PSE&QG 1-Unit Survey: 18 October 1997
Saliniry Vertieal Prafiies Moorings)
EQE Phase (16:15 - 18.15)
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Figure 11-93
PSE&G 1-Unit Survey; 28 October 1997
Dissolved Orygen Verucsl Profites (Moonngs)
EOE Phase (16:15 . 18:15)
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Figure 11-94

PSE&G I-Unit Survey; 21 - 31 October 1997
Temperature Temporal Profiles (Moorings)
DELAWARE-1

Surface
.
19 .
.
.
e
3
f 3s . - B
H .
e
[ TN M
3
. 1. .
: .
' 1.
18
1-0c T.0n 300 4.0a © 30a 200 1700 24-Oct 1900 30-Oct 3O 1-Nov
Dxe
Middle -
1
(A
e e fre e in-vn feon JERL) [IRE) e
Oxr
Borwom
e
-
$as -
H
-
i
- ™ m Tl PR [EXoTS S ko
Lae




Figure 11-95

PSE&G 1-Unit Survey; 21 - 31 October 1997
Salinity Temporual Profiles Moorings)
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Figure 11-96
PSE&G 1-Unit Survey; 21 - 31 October 1997
Dissoived Orygen Temparal Profiles (Moorings)
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Figure 11.97
PSE&G 1-Unit Survey; 21 - 31 October 1997
Temperature Temporal Profiles (Moorings)
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Figure 11.98
PSE&G 1-Unit Survey; 21 - 3| October 1997
Salinity Temporal Profiles (Moorings)
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Figure 11-99

PSE&G 1-Unit Survey; 21 . 31 Octaber 1997
Temperature Temporal Profiies (Moorings)
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» ‘Figure 11-100
PSE&G 1-Unit Survey; 11 - 31 October 1997
Salinity Temporal Profiles (Moarings)
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Figure 11-101
PSE&G 1-Unit Survey: 21 - 31 October 1997
Temperature Temporal Profiies (Moorings)
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Figure 11-102

PSE&G 1-Unit Survey; 21 .31 October 1997
Salinity Temporal Profiles (Moorings)
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Figure 11-103

PSE&G 1-Unit Survey; 21 - 31 October |9‘97
Temperature Temporal Prafiles (\Moorings)
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Figure 11-104
PSE&G 1-Unit Survey; 21 - 31 October 1997
Salinity Temporal Profiles (Noorings)
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Figure 11-105

PSEAG 1-Unit Survey; 21 .31 October 1997
Temperature Temperal Profiles (Moorings)
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Figure 11-106

PSE&G 1-Unit Survey; 21 - 31 October {997
Salinity Temporal Profiles (Moorings)
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Figure 11-107

PSE&G 1-Unit Survey; 11 .31 October 1997
Temperature Temporal Profiles (Maorings)
DELAWARE-?

Surfsce

Lo awwe dgt

e
13 -
, [HES
.
"
1
e 10 15.0a 24-0a0 1500 ELRVEY Pegte o 29-Oct 9.Ua FURY Y H-Oa [
Da
— -
Middie
o
»
R
3,
3.
H
.
: J\/\/\/\
' Vi PR - o o "o w [ [ :
L
Bottom
ol
o
i VS
Pl "\/\_f"
N .
' .
. W\J\J/\\J\\
P
- - . 4 - w I ,
Lot




Figure 11-108

PSE&G 1-Unit Survey, 21 - 31 October 1997
Salinity Temporal Profiles (Moorings)
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Figure 11-109

PSE&G 1-Unit Survey; 21 -1 October 1997
Tempersture Temporal Profiles (Moorings)
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Figure 11-110

PSE&G 1-Unit Survey; 2t - 31 October {997
Salinity Temporal Profiles (Moorings)
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Figure 11-111

PSE&G 1-Unit Survey: 21 - 31 October 1997
Témperature Temporal Profiles (Moaringy)
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Figure 11-112

PSE&G 1-Unit Survey: 21 - 31 October 1997
Salinity Temporal Profiles (Moorings)
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Figure 11-113 ' ‘

PSE&G 1-Unit Survey; 21 - 31 October 1997
Temperature Temporal Profiles (Moorings)
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Figure 11-114
PSE&G I-Unit Survey; 21 - 31 October 1997
Salinity Temporal Profiles (Moorings)
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Figure 11-115

PSE&G [-Unit Survey; 21- 31 October 1997
Dissoived Oxygen Temporal Profiles (Moorings)
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Figure 11-116

PSE&G 1-Unit Survey; 21 - 31 October 1997
Temperature Temporal Profiles (Mosrings)
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Figure 11-117
PSE&AG 1-Unit Survey: 21 - 31 October 1997
Saliniry Temporal Profiles (Moorings)
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Figure 11-118

PSE&G 1-Unit Survey; 2131 October 1997
Dissolved O1ygen Temporal Profiles (Moarings)
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Figure 11-119
PSE&G 1-Unit Survey; 21 - 31 October 1997
Temperature Temporal Profiles (Moorings)
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Figure 11-120

PSE&G I-Unit Survey: 11 - 31 October 1997
Salinity Temporal Profiles (Moorings)
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Figure 11-121

PSE&LG |-Unit Survey: 11 .31 October 1997
Temperature Temparal Profiles (Moorings)
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Figure 11.122
PSE&G 1-Unit Survey; 21 - 31 October 1997
Saliniry Temporal Profiles (Moaarings)
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Figure 11-123

PSE&G 1-Unit Survey; 21 - 31 October 1997
Dissolved Orygen Temporal Profiles (Moorings)
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Figure 11-124

PSE&G [-Unit Survey: 11 .31 October 1997
Temperature Temporal Profiles (Mooringy)
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Figure 11-125 é@?/o?? @ .

PSE&G 1-Unit Survey: 21 - 31 October 1997
Salinity Temporal Profiles (Moorings)
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Figure 11-126

PSE&G 1-Unit Survey; 21 - 31 October 1997
Dissolved Orygen Temporal Profiles (Moorings)
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Figure 11-127

PSE&G 1-Unit Survey; 21 - 31 October 1997
Temperature Temporal Profiles (Moorings)
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Figure 11-128

PSE&G 1-Unit Survey: 21 - 31 October 1997
Temperature Temporal Profiles (Mooarings)
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Figure 11-129

PSE&G 1-Unit Suricy; 21 - 31 October 1997
’ Tempersture i emporal Profiles (Moorings)
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Fig_ure 11-130

PSE&C [-Unit Survey: 21 - 31 October 1997
Temperacure Tempora Profiies (Moorings)
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Figure 11-131

PSE&G 1-Unit Susvey; 11 + 31 Ocrober 1997
Tcmplr-mn Trmynu) Profiles (Mooringy)
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Figure 11-132

PSE&G 1-Unit Suevey; 21 - 31 October 1997
Tempersture Temporad Profiles (Moorings)
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