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INTRODUCTION

As a part of the environmental evaluation of Pooles Island and other dredged material placement
sites in the northern portion of Chesapeake Bay, measurements of sediment oxygen consumption
and sediment releases of important nutrients (nitrogen, phosphorus and silica compounds) have
been made since 1993. Sediment oxygen consumption (SOC) can be an important sink for
oxygen in estuarine environments and sediment nutrient releases can be a very large source of
both nitrogen and phosphorus to the water column (Boynton et al., 1991a). Both of the latter
compounds are essential for phytoplankton growth, which can become excessive when nutrient
supplies are large. Thus, sediment processes can play an important role in determining water
quality conditions by lowering oxygen levels and promoting excessive algal growth.

Since 1993, summer sediment-water oxygen and nutrient exchanges have been measured in the
vicinity of Pooles Island and more recently at Site 104 located just north of the Bay Bridge at
Annapolis, MD. Prior to 1993, sediment-water oxygen and nutrient exchanges were also
measured at several other locations in the upper Chesapeake Bay, most notably at a site adjacent
to Still Pond Neck. Available data from the upper bay from the pre-1993 period have been
summarized in Boynton et al. (1992a). Based on all these measurements several general patterns
have emerged and include the following:

1) It appears that sediment processes are more active in the Pooles Island area than at the
more northern site near Still Pond Neck; natural gradients exist in the magnitude of sediment-
water oxygen and nutrient exchanges within the upper bay portion of the Chesapeake just as
there are gradients along the entire length of the Bay system (Cowan and Boynton, 1996).

2) Summer sediment-nutrient exchanges are larger in areas having low dissolved oxygen in
bottom water than in areas with well oxygenated bottom water; sediment-water exchanges were
considerably higher at Site 104 than at the shallower and better oxygenated stations in the
vicinity of Pooles Island.

3) It appears that sediment-water oxygen and nutrient exchanges are enhanced at relatively
shallow water sites (<10 m) which have recently received dredged material and that controlled
bottom placement of material produces larger sediment-water exchanges than does hydraulic
placement; these enhanced exchanges appear to last for about one year (i.e. if placement occurred
during winter months, sediment-water exchanges were enhanced during the following summer
but returned to pre-placement rates by the next summer; Boynton et al. 1992a).

The first part of this shoal and channel study characterizes sediment-water exchanges of oxygen
and nutrients and measures surficial nutrient concentrations during one summer period (August,
1997) when sediment processes are most active and important relative to overall water quality
conditions. The second part characterizes the pore water and solid phase composition of these
sediments. Such measurements of vertical biogeochemical profiles can be used to identify some
of the factors which control the sediment-water exchange of nutrients.

Measurements of sediment releases of important nutrients (nitrogen, phosphorus and silica
compounds) were measured in August 1997, at five paired stations wherein one site of each pair
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was located in a shipping channel and the other at an adjacent non-dredged site. Measurements
at two stations made during August, 1997 as part of other sampling programs were included as
part of this study (Pooles Island Reference Station [PLIS] and Fairfield Outfall. Combined with
measurements of pore water and solid phase nutrients, iron and sulfur, a general comparison of
biogeochemical processes can be made.

Acquisition and Analysis of Shoal and Channel Sediment Oxygen/Nutrient Flux and Associated
Data

Location of Stations

During August, 1997, standard Sediment Oxygen and Nutrient Exchange (SONE) measurements
were taken at two stations (Pooles Island Reference Station [PLIS] and Fairfield Outfall [FFOF])
and abbreviated measurements (MINISONE) were taken at 3 paired (shoal and channel)
locations and at 2 channel sites near PLIS and FFOF. There were a total of ten stations.

Table 3-1 summarizes station names, station abbreviations, latitude and longitude derived from
the on board differential global positioning system (DGPS), and sampling date information.
Figure 3-1 shows the location of 5 paired stations.

Station Location Justification

Single sediment core samples were collected during August 1997 at eight sites in the upper bay
(Figure 3-1). The sites were located along a eutrophication gradient (from the Baltimore Harbor
Fort McHenry Channel out to the mainstem of the upper Bay along the Brewerton Channel) and

in relatively high (Lower Craighill Channel) and low (Pooles Island Reference Station [PLIS])
salinity areas.

Sampling Frequency

The sampling frequency for the shoal and channel program is based on the seasonal patterns of
sediment water exchanges observed in previous studies conducted in the Chesapeake Bay region
(Kemp and Boynton, 1980, 1981; Boynton et al., 1982; and Boynton and Kemp, 1985). These
studies indicated that fluxes are generally highest during warm periods of the year (June through
September). Accordingly, many sediment-water surveys are conducted with monthly
measurements during the summer period. However, since the shoal-channel activity was a

preliminary survey, one set of measurements, in August 1997, was completed at 5 paired
sampling sites.

Field Methods for Shoal and Channel Stations

Details concerning methodologies are described in the Ecosystem Processes Component (EPC)

Study Plan (Garber et al., 1987) and fully documented in the EPC Data Dictionary (Boynton and
Rohland, 1990). .
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Figure 3. Location of Shoal and Channel stations in the Upper Bay area.
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Table 1. Station Names, Location and Dates Sampled at the Shoal and Channel stations in the Upper
Chesapeake Bay. The station labelled Brewerton Channel EAST sites corresponds to the Brewerton
Channel Eastern Extension and the Brewerton Channel WEST is the Brewerton Channel proper.

Station Station Station Latitude/ Year and Month
Name Abbrev. Depth Longitude Sampled

(m) DGPS *
Brewerton BECL 11.8 m 39° 09.585' 1997: August
Channel EAST 76° 22.344'
Brewerton BESL 57m 39° 09.724' 1997: August
Shoal EAST 76° 22.261'
Brewerton BWCL 17.0m 39° 11.457 1997: August
Channel WEST 76° 28.597'
Brewerton BWSL 6.0 m 39° 11.632' 1997: August
Shoal WEST 76° 28.512'
Craighill CHCL 16.1 m 39° 03.463' 1997: August
Channel 76° 23.384'
Craighill CHSL 10.6 m 39° 03.510' 1997: August
Shoal 76° 23.206'
Fort McHenry FMCL 164 m 39° 14.219' 1997: August
Channel 76° 32.977
Fairfield FFOF 6.0 m 39° 14.017' 1997: August
Outfall 76° 33.250'
No. Approach NACL 18.4m 39° 15.877 1997: August
Channel 76° 14.176'
Pooles Island PLIS 39m 39° 16.280' 1997: August
Reference Station 76° 17.347'

* Latitude and longitude is a calculated value based on Differential Global Positioning System values.
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Water Column Profiles

At each of the shoal and channel stations, vertical water column (surface to bottom) profiles of
temperature, salinity and dissolved oxygen were measured at 2 meter intervals immediately after
obtaining intact sediment cores for incubation. The turbidity of surface waters is measured using
a Secchi disc.

Water Column Nutrients

Near-bottom (0.5 - 1.0 meters) water samples were collected using a high volume submersible
pump system. Samples were filtered, where appropriate, using 0.7 xm GF/F filter pads, and
immediately frozen. Samples were analyzed by Nutrient Analytical Services Laboratory (NASL)
for the following dissolved nutrients: ammonium (NH,"), nitrite (NO,), nitrite plus nitrate (NO,
+NOy), dissolved inorganic phosphorus corrected for salinity (DIP or PO,>), and silicate
(Si(OH),)

Sediment-Water Exchange Studies
Sediment Profiles

At each station, a modified Bouma box corer was deployed to obtain several sediment cores. At
the two standard (SONE) stations an intact sediment core is used to measure the redox potential,
(Eh, in units of mV) of sediments at 1 cm intervals to about 10 cm of sediment depth. At each of
the eight abbreviated (MINISONE type) stations, Eh is measured every centimeter to 2 cm depth,
then every other cm thereafter.

Sub-cores of sediment are removed to a depth of 1 cm and immediately frozen for later analysis
of particulate carbon (PC), particulate nitrogen (PN), particulate phosphorus (PP), total and
active sediment chlorophyll-a. Surface sediment characterization which includes particulate
nutrient and chlorophyll-a measurements and Eh profiling is used in the interpretation of oxygen
and nutrient fluxes between sediment and overlying waters.

Sediment Cores

Both the standard (SONE type) measurements and the abbreviated (MINISONE type) program
elements rely on the same field and laboratory techniques to estimate sediment-water oxygen and
nutrient fluxes. At eight stations abbreviated protocols (relative to SONE) were used. Three
replicated cores and a blank to estimate sediment-water flux were collected at stations using
standard techniques whereas at stations where abbreviated techniques were used only a single
sediment core was collected (no blank was used). Other minor differences between the standard
and abbreviated measurements are noted below where applicable. In each case, intact sediment
cores constitute a benthic microcosm where changes in oxygen and nutrient concentrations are
determined. An overview of the measurement technique follows and the details of the
techniques are provided in Boynton and Rohland (1990).
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Sediment cores are collected at each station using a modified Bouma box corer. These cores are
then transferred to a Plexiglass cylinder (15 cm diameter x 30 cm length) and inspected for
disturbances such as large macrofauna or cracks in the sediment surface. If the sample is
satisfactory, the core is fitted with an O-ring sealed top containing various sampling ports, and a
gasket sealed bottom (Figure 3-2). The core is then placed in a darkened, temperature controlled
holding tank where overlying water in the core is slowly replaced by ambient bottom water to
ensure that water quality conditions in the core closely approximate in situ conditions. For the
standard stations, water is also exchanged in the blank core.

During the period in which the flux measurements are taken, the cores are placed in a darkened
temperature controlled bath to maintain ambient temperature conditions. The overlying water is
gently circulated with no induction of sediment resuspension via stirring devices attached to the
oxygen probes. Temperature and oxygen concentrations are recorded and overlying water
samples (35 ml) are extracted from each core every 60 minutes during the incubation period.
Standard stations are incubated for 4 hours so a total of 5 measurements, while abbreviated
stations are incubated for 3 hours with a total of 4 measurements made. As a water sample is
extracted from a core, an equal amount of ambient bottom water is added to replace the lost
volume. Water samples are filtered and immediately frozen for later analysis for ammonium,
nitrite, nitrite plus nitrate, dissolved inorganic phosphorous (DIP or PO,?) and silicate (Si(OH),).
Oxygen and nutrient fluxes are estimated by calculating the mean rate of change in concentration
over the incubation period and converting the volumetric rate to a flux using the volume:area
ratio of each core.

Chemical Analyses

Standard oceanographic and estuarine methods of chemical analysis are used for all
determinations of dissolved and particulate materials. Detailed reference material pertaining to
all chemical analyses used is to be found in the EPC Data Dictionary (Boynton and Rohland,
1990) and Nutrient Analytical Services Laboratory: Standard Operating Procedures (D'Elia et al.,
1997).

In brief, methods for the determinations of dissolved and particulate nutrients are as follows:
ammonium (NH,"), nitrite (NO,), nitrite plus nitrate (NO, + NOj;), dissolved inorganic
phosphorus (DIP) and silicate (Si(OH),) are measured using the automated method of EPA
(1979); particulate carbon (PC) and particulate nitrogen (PN) samples are analyzed using a model
240B Perkin-Elmer Elemental Analyzer; particulate phosphorus (PP) concentration is obtained
by acid digestion of muffled-dry samples (Aspila et al., 1976); methods of Strickland and
Parsons (1972) and Shoaf and Lium (1976) are followed for chlorophyll-a analysis.
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Data management and Quality Assurance and Quality Control (QA/QC) Checking

Shoal and Channel Data Files

Appendix I of this report contains data tables listing variables measured during August 1997.
Data files are given unique names which are a combination of an alpha code reflecting the type
of data set and a numeric descriptor which indicates the month and year of collection. Within
each file the stations are arranged in alphabetical order.

The data collected at each shoal or channel station are organized into five tables in the appendix:

WATER COLUMN PROFILES contain temperature, salinity and dissolved oxygen data
measured at two meter intervals in the water column.

WATER COLUMN NUTRIENTS report bottom water dissolved nutrient concentrations.
SEDIMENT PROFILES include redox potential and selected sediment measurements of
particulate carbon (PC), particulate nitrogen (PN), particulate phosphorus (PP), total and active

chlorophyll-a concentrations.

CORE DATA lists dissolved oxygen and nutrient measurements in shoal and channel sediment-
water flux chambers.

SEDIMENT-WATER FLUX is a summary table providing oxygen and nutrient flux data.

Incorporation of Error Codes in Data Tables

In order to eliminate blank spaces in the data tables presented in Appendix I, a one or two letter
alpha code (Table 2) is used to describe the problems associated with questionable parameter
values. Valid entries from the Sediment Data Management Plan (EPA, 1989) are used.

Data Tables Quality Assurance/Quality Control (QA/QC)

Data recorded by instruments in the field are entered directly onto specially prepared data sheets.
Data from samples analyzed by Nutrient Analytical Services Laboratory (NASL) are returned in
written format. Data are keyed into Lotus, hard copies of the files are manually checked for

errors. Data files are corrected, a second printout produced which is re-verified by a different
staff member.
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Table 3-2. Analysis Problem Codes

ANALYSIS DESCRIPTION
PROBLEM CODE
A Laboratory accident
B Interference
C Mechanical/materiais failure
D Insufficient sampie
N Sample Lost
P Lost resuits
R Sample contaminated
S Sample container broken during anaivsis
\4 Sampie resuits rejected due to QA/QC criteria
w Duplicate resuits for ail parameters
X Sampie not preserved propertv
AA Sampie thawed when recetved
8B Torn filter paper
CC Pad unfoided in foil pouch
DA Damaged epiphvte arrav
DS Damaged epiphvte strip
EE Foil pouch very wet when received from field. therefore poor repfication
between pads. mesn reported
FF Poor replication between pads: mean reported
HD Particulate and chlorophyil-a samples oniv taken at -1.0 cm of the Eh profile
HH Sample not taken
4J Amount filtered not recorded (Calculation couid not be done)
LA Lost epiphyte array
LL Mislabeled
LS Lost epiphvte strip
NI Data for this variable are considered to be non-interpretable
NN Particulates found in filtered sampie
NR No replicate anaivzed for epiphvte strip chlorophyvil-a concentration
PA Propagule trap added during cruise on June 5th. 1997
PF Propaguie trap not found in field
PG Propagules weighed as a group. individual weights not recorded
PP Assumed sample volume (pouch volume differs from data shcet volume:
pouch volume used)
PU Propaguie trap found. but turned upside down
QQ Although vaiue exceeds a theoretically equivaient or greater value (eg. ,
PO,F>TDP), the excess is within precision of analytical techniques and
therefore not statistically significant
RR No sample received
SD All sampling at station discontinued for one or more sampling periods
SS Sample contaminated in field
SW Shallow water, light flux measured at two points only
TF Dissolved oxvgen probe failure
TL Instrument failure in research laboratory
TS Dissoived oxvgen probe not stabilized
TT Instrument failure on board research vessei
uu Analysis discontinued
ww Station was not sampied due to bad weather conditions, research vessei
mechanical failure, VFX array lost or failure of state highway bridges to
open or close
XX Sampling for this variable was not included in the monitoring program
at this time or was not monitored during a specific cruise
YB No blank measured for MINI-SONE fluxes
YY Dats not recorded
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Quality Assurance/Quality Control (QA/QC) Checking

The Nutrient Analytical Services Laboratory (NASL) at the Chesapeake Biological Laboratory
provides nutrient analyses to University, State and Federal agencies. As part of the laboratory's
QA/QC program, NASL participates in cross calibration exercises with other institutions and
agencies whenever possible. Some examples include:

- Particulate carbon and nitrogen cross calibration with Woods Hole Oceanographic
Institution and Horn Point Environmental Laboratory.

- International Council for the Exploration of the Sea (ICES) inorganic nutrient round-
robin communication. The fourth international inter-comparison report was published in 1991
(Kirkwood, Aminot and Perttild, 1991).

- Comparisons of dissolved nutrient analyses conducted at Horn Point Environmental
Laboratory, Bigelow Laboratory, the University of Delaware and the University of New
Hampshire.

- Quarterly cross calibration exercises with Virginia Institute of Marine Science (VIMS)
and Old Dominion University (ODU). The most recent inter-comparison (December 1997)
confirmed all parameters routinely analyzed by these laboratories as part of the Chesapeake Bay
Monitoring Program. Samples from various salinities and nutrient regimes were analyzed under
this exercise.

- Environmental Protection Agency (EPA) unknown audits for various nutrients have been
conducted.

- EPA audits of known nutrients were analyzed using samples in different salinity water
while looking for possible matrix effects.

NASL has analyzed National Institute of Standards and Technology (NIST) and National
Research Board of Canada reference materials, primarily estuarine sediment, as a check for their
particulate and sediment carbon, nitrogen and phosphorus methods.

As part of the Chesapeake Bay Mainstem Monitoring Program, the laboratory analyzes
approximately ten percent of the total sample load for QA/QC checks. These samples include
laboratory duplicates and spike analyses. Specific procedures include inorganic nitrogen
(ammonium, nitrite, nitrite plus nitrate) and dissolved inorganic phosphorus for which a standard
curve usually comprising five concentrations encompassing the expected range for that particular
sample set, are analyzed at the beginning of each new run. A standard, which is treated as a
sample, is analyzed at least every 20 samples. Baseline corrections are determined either
manually or automatically, depending on the instrument providing the analysis. Data needed to
calculate concentrations are recorded along with the sample concentration in laboratory
notebooks, a carbon copy of which is provided to Dr Boynton. This procedure is also carried out
for other parameters performed by the laboratory. Precision and limits of detection for the
variables measured are provided in the Data Dictionary (Boynton and Rohland, 1990).
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Pore Water and Solid Phase Analyses

Sediments were collected by CBL personnel at the time they collected cores for sediment-water
exchange studies. Sediments were collected by subcoring the box corer with 7 cm 1id acrylic
tubing.

All sediment extrusion and sectioning was carried out in nitrogen-filled glove bags to minimize
oxidation artifacts (Bray et al. 1973). The sediments were sectioned in 0.5 cm intervals in the top
1 cm, with 1 and 2 cm sections deeper within the core (0.0-0.5, 0.5-1.0, 1-2, 2-3, 3-5, 5-7, 9-11,
16-18 cm intervals). Sediment was sectioned into 50 mL centrifuge tubes and centrifuged for 20
minutes at 4000 rpm. The water was filtered through a 0.4 um syringe filter. The pore water
sample was divided into separate vials for each analysis immediately after filtration.

Pore water analysis was carried out using standard methodologies used in the HPL
biogeochemistry laboratory for the last 5 years. These procedures are listed in Table 3.

Hydrogen sulfide and pH
analyses were carried out
immediately while most of the Table 3. Pore Water Analyses
other analyses were completed
within two weeks. Nitrate and Analyte Reference Description
silicate analyses were carrlgd out Soluble reactive Parsons et al Manual colorimetric analysis
in the HPL Analytical Services phosphorus 1984 EPA 365.2
A SRP
Laboratory. This suite of (5RE)
analyses allowed an assessment NH,' Parsons et al. Phenol/hypochlorite colorimetry
. 1984
of sulfur-iron-phosphorus
chemlcal Cycling as well as N01 EPA 353.2 Automated colorimetric analysis
information on nitrogen cycling. S0,, CI EPA 300.0 Ton chromatography
Copcentratlons of nutrients in Fe Gibb 1979 Ferrozine colorimetry
sediments are generally 1-3
d £ itude higher th H.S Cline 1969; Colorimetric analysis
orders of magnitude higher than EPA 376.2
those in the water column.
Dilution was used to put these

analytes on scale for routine
methodologies and to provide
sufficient volume so that eight solutes could be analyzed on less than 10 milliliters of water.

We used dried sediment for the chemical analysis of most solid phase components. Acid volatile
sulfide (AVS), consisting primarily of iron monosulfide (FeS), was measured on frozen mud
samples from the pore water centrifugation. Chromiuim reducible sulfur (CRS) is the sum of
AVS, pyrite-S and elemental S; in most Chesapeake Bay sediments, pyrite is the predominant
form (Comwell and Sampou, 1996). Organic carbon is determined as the total carbon from
elemental carbon and nitrogen analysis. The HCI-Fe analysis is used as a measure of iron in the
form of oxides and monosulfides (Leventhal and Taylor, 1990). Combined with the CRS
analyses, the iron is partitioned into several important species. The form of the iron affects the
ultimate fate of inorganic phosphorus in these estuarine sediments; the conversion of iron oxides
into iron sulfide minerals may be a key determinant in phosphorus fluxes from Chesapeake Bay
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sediments.

Table 4. Solid Phase Analyses

Analyte Reference Description J

Total C, N Control Instruments
Elemental Analyzer

Total P Aspilaetal. 1976 HCl extraction of ashed
sediment, colorimetry

Inorganic P Aspilaetal. 1976 | HCI extraction of unashed
sediment, colorimetry

HCI-Fe Leventhal 1990 Analysis of 1.0 N HCL
extract by flame AAS
CRS Cornwell and Cr(II) digestion, distillation,
Morse 1987 sulfide electrode
AVS Cornwell and Acidification, volatilization,
Morse 1987 sulfide electrode

INTERPRETATION OF DATA AND DISCUSSION

One of the continuing objectives of this program is to explore monitoring data, as well as other
data sources, for relationships between nutrient loading (e.g., point, non-point and atmospheric
sources, releases caused by dredging activities) and responses of sediment processes. Sediment
oxygen consumption and sediment nutrient exchanges have been shown to have strong
influences on water quality conditions (Boynton et al., 1990) and are ultimately regulated by
rates of external nutrient supplies. Freshwater input to the bay and tributary rivers is an
important external forcing on bay ecology, largely determining salinity patterns, buoyancy and
processes such as those mentioned above. Moreover, both the magnitude and timing of
freshwater flow events have been shown to influence bay water quality (Boicourt, 1992). River
flow has been shown to be a good first approximation of nutrient loading rates for many areas of
Chesapeake Bay, including the upper bay, and this approximation is used in this report. The
purpose of reporting these data in this report is to indicate the relative degree of nutrient loading
experienced by the upper bay during monitoring activities of 1997.

Water Quality Conditions

Total (cumulative) river flow from the Susquehanna River for water years (October - September)
1968 - 1997 is shown in Figure 3. During this period, flows varied by about a factor of two and
exhibited substantial year to year variation. For example, during the last four years, 1994 and

1996 had very high flows, 1995 had especially low flows and 1997 flows were closer to the long-
term average.
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Annual monthly flows (preliminary values released by the U.S.G.S. for 1997) for the
Susquehanna River for the period 1993 through December, 1997 are shown in Figure 3. This
provides details of freshwater input patterns experienced in the upper Bay. Average monthly
flows in this system were high in April, 1993 (250,100 cfs), in March and April, 1994 (147,800
cfs) and in January - May, 1996 (117,800 cfs, 68,200 cfs, 74,800 cfs, 75,800 cfs and 84,600 cfs,
respectively) and December, 1996 (115,900 cfs; Figure 3.). In contrast, 1995 was a notable low
flow year, while 1997 was characterized by relatively low winter and spring flows but these
flows were higher than the exceptionally low flows of 1995.

Bottom water temperatures at shoal stations ranged from 25.2°C to 26.5°C and were only very
slightly lower at channel stations ranging from 23.5°C to 25.0°C. Bottom water temperature at
the Pooles Island Reference Station (PLIS) was 20.6°C in June, 1997, 20.7°C in July and
August, 1997 (Boynton et al., 1998). A summary of the bottom water conditions at the shoal and
channel stations is presented in table 5. Figure 4 presents the bottom water conditions at the
paired shoal and channel stations.

Bottom water salinity in 1997 ranged between 7.3 and 11.7 ppt at shoal stations and from 10.6 to
14.3 at channel stations. Bottom water salinity at Pooles Island Reference station was 1.6 ppt in
June 1997, 4.6 ppt in July 1997 and 7.3 ppt in August, 1997 (Boynton et al., 1998)

Dissolved oxygen (DO) concentrations at shoal stations ranged from 2.6 mg L' to 6.5 mg L' and
at channel stations from 0.1 mg L' to 1.9 mg L'. Oxygen concentrations in bottom waters at
Pooles Island Reference Station (PLIS) was 8.38 mg L' in June, 1997, 6.54 mg L' in July, 1997
and 6.53 mg L™ in August, 1997 (Boynton et al., 1998). Low DO values observed in channels in
August may be the result of up bay advection of water from deeper areas of the Chesapeake Bay.

Ammonium concentrations ranged from 16.9 to 35.5 umol N L"! at channel stations and from 8.3
to 18.7 uMN (Appendix I) at shoal stations. Ammonium concentrations recorded in 1997 at
Pooles Island Reference Station (PLIS) ranged from 1.0 to 8.9 umol N L' (Boynton et al., 1998).

Nitrite plus nitrate concentrations ranged from 0.09 to 3.34 umol N L*! at channel stations and
from 0.91 to 11.00 «mol N L at shoal stations (Appendix I). Nitrite plus nitrate concentrations
recorded in 1997 at Pooles Island Reference Station (PLIS) ranged from 11.0 to 40.0 xmol N L*!
(Boynton et al., 1998).

Bottom water phosphorus (DIP) concentrations ranged from 0.64 to 2.72 umol P L' at channel
stations and from 0.16 to 0.60 mol P L' at shoal stations (Appendix I). Dissolved inorganic
phosphorus (DIP) concentrations recorded in 1997 at Pooles Island Reference Station (PLIS)
ranged from 0.06 to 0.6 umol P L' (Boynton et al., 1998).

Silicate concentrations ranged from 44.7 to 47.4 umol Si L' at channel stations and from 38.4 to

42.0 4MSi at shoal stations Table B-2.1). Silicate concentrations recorded in 1997 at Pooles
Island Reference Station (PLIS) ranged from 8.2 to 40.8 wmol Si L' (Boynton et al., 1998).
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Figure 3a. Bar graphs of water year (October - September) cumulative river flow for the
Susquehanna River for the period 1968 through 1997 (James et al., 1995; Monthly summaries of
cumulative stream flow in Maryland, Pennsylvania and Virginia. USGS Pamphlet.). Flow was
measured at Conowingo, MD Station # 01578310.

b. Bar graphs of average monthly river flow from the Susquehanna River for 1993, 1994, 1995,
1996 and 1997. Flows were measured at Conowingo, MD. Station # 01578310.
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Table 5. Summary of Bottom Water Conditions at Shoal and Channel Stations: temperature,
salinity and dissolved oxygen. All samples are from 1997.

Station Date Total Secchi | Sample | Temp Cond Salin DO DO Sat
Depth Depth Depth © (mmho | (ppt) (mg/L) | (%)
(m) (m) (m) /em)
Fairfield Outfall Aug 12 | 5.7 1.3 5.0 26.0 15.6 8.9 6.4 823
Fort McHenry Channel Aug 12 | 164 1.3 15.0 235 23.6 14.1 0.2 20
Brewerton Shoal West Aug 12 | 6.0 0.5 5.0 25.4 16.8 9.7 2.6 340
Brewerton Channel West | Aug 12 | 16.4 0.7 16.0 23.8 239 14.3 0.1 1.5
Brewerton Shoal East 11 Aug | 5.7 1.2 5.0 253 174 10.0 53 68.0
Brewerton Channel East 11 Aug | 12.0 1.2 11.0 24.0 23.0 13.7 0.1 0.9
Craighill Shoal 11 Aug | 10.0 1.3 9.5 25.2 20.0 11.7 43 55.8
Craighill Channel 11 Aug | 16.0 1.4 15.0 24.1 23.8 14.3 0.1 1.0
Pooles Island Reference 14 Aug | 3.9 1.9 3.0 26.5 13.1 73 6.5 84.7
Station
Northern Approach 11 Aug | 13.0 1.3 12.5 25.0 183 10.6 1.9 25.0
Channel
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Figure 4. Bottom Water Temperature, Salinity, Dissolved Oxygen, Ammonium and Phosphorus
concentrations at 5 pairs of shoal and channel stations in the Upper Bay.
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Sediment Characteristics - Eh and Chemistry of the Surface 2mm

Sediment characteristics also exhibit some differences between years, but, at least at this point,
differences were not as clear as those for water quality conditions. Measurements of sediment
Eh indicated that at both surface (1 cm) and deeper zones (10 cm), sediments were oxidizing
rather than reducing. The latter (reducing) condition is typical of most areas of the bay where
deep water oxygen levels are low during summer months. The significance of elevated Eh
values lies in the fact that under these oxidizing conditions phosphorus attached to inorganic
particles tends to remain attached rather than become dissolved and diffuse back into the water.
Furthermore, under these Eh conditions sediment nitrification (i.e. conversion of ammonium to
nitrate) generally occurs and previous work (Kemp and Boynton, 1992) indicates that most of the
nitrate created from this process is denitrified (i.e. converted from NO; to N,) and lost to the
atmosphere.

In an earlier report (Boynton et al., 1992b), it was stated that sediment particulate carbon (PC)
concentrations were high and that particulate nitrogen (PN) were relatively low in this area of the
bay. The riverine source of terrestrial organic matter, which has little nitrogen in it, was
suggested to be the cause. Earlier data collected in the upper bay indicated relatively high
particulate carbon (PC) values compared to those typically observed in the lower Chesapeake
Bay (1% or less). Concentrations of particulate nitrogen (PN) were low, as previously reported,
relative to the amount of particulate carbon (PC) present. The resultant high PC:PN ratios
indicate that much of the sediment organic matter was probably refractory and not as readily
available to organisms for food or to decomposers as more labile organic material derived from
phytoplankton production. Concentrations of particulate phosphorus (PP) in surface sediments
were high relative to particulate carbon (PC) concentrations and high relative to particulate
phosphorus (PP) concentrations generally found in the more saline portions of the bay. High
particulate phosphorus (PP) concentrations in low salinity waters have been previously reported
for other regions of the bay and this situation seems to result from binding of particulate
phosphorus (PP) to sediment particles as they encounter saline waters (Boynton et al., 1992b).
Unfortunately, it is not clear how much of this particulate phosphorus (PP) is available to
biological communities. In most low salinity waters from which sediment-water phosphorus flux
data are available, values tend to be low suggesting that only a small portion of the total
particulate phosphorus (PP) is available for diffusion across the sediment-water interface
(Boynton et al., 1992b).

Sediment particulate carbon (PC) content measured at shoal stations ranged between 3.32% to
4.24% and between 3.83% and 3.97% at channel stations (Appendix I). In 1997 sediment
particulate carbon ranged from 3.75% to 4.34% at Pooles Island Reference station (PLIS).
Sediment particulate nitrogen (PN) content measured at shoal stations ranged between 0.26% and
0.41% and between 0.27% and 0.47% at channel stations. In 1997 sediment particulate nitrogen
ranged from 0.26% to 0.36% at Pooles Island Reference station (PLIS). Sediment particulate
phosphorus (PP) content measured at shoal stations ranged between 0.19% and 0.81% and
between 0.092% and 0.141% at channel stations. In 1997 sediment particulate phosphorus
ranged from 0.080% to 0.097% at Pooles Island Reference station (PLIS). There were no strong
differences observed between particulate materials collected from shoal and channel sediments
during August 1997, despite obvious differences in the redox regimes.
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Another useful measure of sediment properties is the mass of total chlorophyll-a present at the
sediment surface. This variable is a useful index of labile (as opposed to total) organic matter
available for rapid diagenesis. It is the products of early diagenesis that are thought to constitute
most of the dissolved material measured in sediment-water flux estimates. In simple terms, this
can serve as an index of the "fuel" available to support sediment-water oxygen and nutrient
exchanges. Total chlorophyll-a at 1 cm at shoal stations ranged from 124.8 mg m? to 213.4 mg
m? and at channel stations from 103.4 mg m* to 182.8 mg m? (Appendix I). In 1997 the total
chlorophyli-a mass measured at 1 cm ranged from 118.8 to 167.4 mg m at Pooles Island
Reference station (PLIS). Total chlorophyll-a values from channel areas were similar to those
observed at PLIS and other shoal areas.

Sediment-Water Oxygen and Nutrient Fluxes

Average sediment oxygen consumption rates (SOC) ranged from -1.1 to -2.7 g O, m? day™! at
shoal stations and from -1.3 g O, m*? day' to zero (0.0) at channel stations (Table 6; Figure 5).
Average sediment oxygen consumption rates (SOC) in 1997 ranged from 1.96 to 2.42 g O, m?
day! at Pooles Island Reference station (PLIS).

These rates measured at PLIS and other shoal stations were substantial relative to sediment
oxygen consumption (SOC) rates observed in other areas of the mainstem Chesapeake Bay
where low dissolved oxygen conditions in bottom waters severely depress sediment oxygen
consumption rates. Shoal and PLIS values reported here are similar to those observed in
tributary rivers where dissolved oxygen conditions in bottom waters are not depressed (>2 mg L
1) and are higher than rates reported for a location about 15 kilometers north of the G-West Berm
monitoring station. SOC rates measured in the channel areas were generally reduced and this
most probably resulted because of depressed dissolved oxygen concentrations in these deeper
areas of the upper bay.

Ammonium flux values recorded ranged from 238 to 394 pmol m h'! at shoal stations and from
113 to 617 pmol m™ h! at channel stations (Table 6). Average fluxes of ammonium in 1997
ranged from 181.2 to 342.8 pmol m? h™' at Pooles Island Reference station (PLIS). Ammonium
fluxes were modest (200 - 400 pmol m? h™') at all sites with the exception of a measurement
taken in the northern approach channel (~600 pmol m2 h''). These modest fluxes probably
resulted because of one or more of the following (1) primary production rates in this region of
the bay are relatively low and hence the supply of labile phytoplankton detritus to sediments
(which is the fuel for sediment-water fluxes) is limited; (2) these sediments are well oxidized and
that promotes the coupled microbial processes of nitrification-denitrification which together
serve to remove ammonium from the system (as N, gas); (3) the measurements were made in
mid-August, towards the end of the period when sediment-water exchanges are at annual

maxima, so it is possible that rates were decreasing from higher levels which may have occurred
earlier in the summer.

Nitrite plus nitrate flux values ranged from -58 to 15 umol m? h'! at shoal stations and from -29
to 47 pmol m? h™! at channel stations (Table 6). Average fluxes of nitrite plus nitrate in 1997
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ranged from zero -11.87 to 16.59 umol m? h'! at the Pooles Island Reference station (PLIS).

Table 6. Summary Table of Sediment-Water Fluxes at Shoal and Channel Stations:
sediment oxygen consumption (SOC), ammonium (NH,"), nitrite (NO,"), nitrite plus nitrate
(NO, + NOy), dissolved inorganic phosphorus (PO,?) and silicate (Si(OH),). Units are gO,
m? d" and for nutrients pmol m? h'!. The Craighill Channel SOC fluxes were not
interpretable.
SOC NHy NO, NO,+NO; DIP  SILICATE
FLUX FLUX FLUX FLUX FLUX FLUX
STATION MEAN MEAN MEAN MEAN MEAN MEAN
Fairfield Outfall -2.1 394 -1.8 -58 13 296
Fort McHenry Channel 0.0 377 0.0 0 17 134
Brewerton Shoal West -1.1 238 0.0 -21 5 115
Brewerton Channel West -0.2 373 0.0 0 18 0
Brewerton Shoal East -2.7 271 0.0 22 20 454
Brewerton Channel East -0.3 290 NI 0 -7 185
Craighill Shoal -23 330 3.7 0 : 25 359
Craighill Channel NI 113 0.0 0 -25 154
Pooles Island Reference Station  -2.0 288 0.0 -25 17 322
Northern Approach Channel -13 617 0.0 47 29 0

It is interesting to note that the majority of nitrite plus nitrate fluxes at Pooles Island Reference
station (PLIS) have been either zero or from sediments to water, even in June when water column
concentrations of nitrate are still elevated. The opposite flux direction would have been
expected. In earlier work, nitrate fluxes into sediments have been reported in areas where nitrate
concentrations in overlying waters are appreciable, as in the upper bay (Boynton et al., 1991b).
Direct measurements are not available but it is probable that the nitrate diffusing out of
sediments was due to substantial nitrification rates in sediments. The well oxygenated sediments
of the upper bay would appear to be good sites for nitrification. The ultimate fate of the nitrate
diffusing from water to sediments is probably denitrification wherein nitrogen is lost to the
atmosphere as N, gas (Kemp and Boynton, 1992). Nitrite plus nitrate fluxes at the shoal and
channel sites tended to be either zero (no net flux in either direction) or into sediments but small
enough to have little effect on water quality conditions. The few positive fluxes clearly indicate
that nitrification is taking place in these sediments and this is a sign of good sediment quality.

Dissolved inorganic phosphate fluxes ranged from 13 to 25 pmol m? h at shoal stations and

from -25 to 29 pmol m™ h! at channel stations (Table 6). Dissolved inorganic phosphate fluxes
in 1997 ranged from 13.77 to 19.12 pmol m?2 h'! at Pooles Island Reference station (PLIS).
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Most of the phosphorus fluxes observed in this survey were modest (< 20 pumol m? h'')
compared to other regions of the Bay. In general, highest phosphorus fluxes in the bay region
have been observed in areas with hypoxic or anoxic overlying waters. It is surprising that higher
phosphorus fluxes were not observed in the channel areas as dissolved oxygen concentrations in
bottom waters were quite low in August, 1997. However, it may be that these sediments have
been exposed to low dissolved oxygen conditions for most of the summer preceding our
measurements and most of the phosphorus that could readily diffuse from these sediments had
already done so. Jasinski (1996) has shown that there is only a 45 day supply of phosphorus in
mid-Chespeake Bay sediments available to support high phosphorus fluxes from sediments to
overlying waters. On two occasions phosphorus fluxes were directed from overlying waters into
sediments which is not a well understood process (probably sorbtion to fine particulates) but is
also a relatively rare occurrence.

Silicate fluxes ranged from 115 to 454 umol m? h'! at shoal stations and from zero (0.0) to 185

pmol m? h'! at channel stations (Table 6). In 1997 silicate values ranged from 94 to 477 umol m°
21! at Pooles Island Reference station (PLIS). These values are within the range of those
observed in other portions of Chesapeake Bay.
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Pore Water Chemistry

Pore water sulfate concentrations decrease downcore (Figure 6), with sulfate depletion of ~ 5-8
mmol L. These downcore decreases are typical of estuarine sediments (Cornwell and Sampou
1995) and indicate the presence of sulfate reduction. The total sulfate depletion deep in the
Brewerton West channel and Fairfield Channel cores may indicate that methane production
would occur at these greater depths (i.e. Reeburgh 1969). With the exception of the Craighill
channel site, a greater degree of sulfate depletion (with increasing sediment depth) is found in the
channel sites; no explanation for the difference at the Craighill site is obvious. ‘

Sharp increases in the concentration of ammonium (Figure 7) are found in many parts of the
Chesapeake Bay (Cornwell and Owens 1997) and indicate that ammonium is being regenerated
within the sediments. Typical increases at 10 cm were 1-2 mmol L™ for the channel sediments
and 0.1-0.5 mmol L for shoal sediments. The sharper gradients and greater downcore
ammonium increases in the channel sediments may indicate higher rates of ammonium
production or rapid burial of ammonium below depths in which it may not rapidly diffuse back
to the water column. The higher ammonium concentrations at the sediment-water interface
should provide higher fluxes of ammonium to the water column. These channel sediment data
are generally consistent with long-core profiles from Comwell and Owens (1999) and Bray
(1973).

Pore water soluble reactive phosphorus concentrations generally increased downcore (Figure 8),
with higher concentrations in the channel sediments (except for the Northern Approach Channel).
In most cores, relatively strong gradients of phosphate were observed in the top few centimenters
of sediment, indicating a strong upward flux. The two profiles with the most vertical structure,
Fairfield Channel and Brewerton Channel, had high phosphate concentrations where dissolved
iron was low and lower phosphate concentrations where iron was high (Figure 9); this suggests
iron control of the pore water phosphate. Bray (1973) has suggested that the formation of Fe(II)
phosphate minerals may account for these profile shapes.

Pore water iron concentrations (Figure 9) were relatively high, with considerable vertical
structure. The absence of measurable hydrogen sulfide indicates that the rate of sulfate reduction
is insufficient to produce enough hydrogen sulfide to reduce all of the iron oxide to iron sulfides.
Deep decreases are found in a number of cores, suggesting that iron sulfide production at depth
may consume some, but not all, of the pore water iron. In comparison to mesohaline sediments
such as at Site 104 (Cornwell and Owens 1999), it appears that these sediments are not very
reducing or sulfidic. This observation has important implications for the cycling of phosphorus;
increased sulfate reduction and iron oxide conversion to iron sulfides may be an important
process for release of phosphorus in mesohaline sediments.

Solid Phase Chemistry

Differences between organic carbon profiles in channel and shoal sediments are not consistent
(Figure 10). For Norther Approach Channel and Brewerton Channel Eastern Extension, the

channels have slightly higher concentrations of carbon. In the top 5 cm of sediment, the channel
sediments at Craighill and Fairfield are lower than that for the shoals; at Brewerton Channel, the
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profiles are quite similar. The carbon concentrations observed in this study are consistent with
the more detailed mapping study of Hennessesee et al. (1986). Only the Craighill sites showed
much vertical change in the concentration of organic carbon; such downcore increases in organic
carbon can arise both from normal decomposition and increased carbon loading to the surface of
the sediment (Cornwell et al. 1996).

The total nitrogen profiles (Figure 11) were generally similar to the organic carbon profiles, with
most data between 0.2 and 5 mg g'. At three sites, channel sediment total nitrogen was higher
than that in the shoals; at two sites, the reverse pattern was observed.

At all sites, inorganic P accounted for a majority of total P, with much of the vertical structure of
total P in the cores clearly a result of the change in inorganic P (Figure 12). Total P was
generally below 1.5 mg g (0.15%), with pronounced P enrichments evident in near-surface
sediments at the Craighill channel and shoal sites. While the concentrations of inorganic and
total P are generally similar to those of Site 104 (Cornwell and Owens 1998), virtually all of the
Site 104 core profiles had larger downcore decreases in inorganic phosphorus.

The HCl-extractable iron concentrations (Figure 13) were similar to those found in the upper
Chesapeake Bay (Comwell and Sampou 1995) and somewhat higher than generally found at Site
104 (12-18 mg g''; Cornwell and Owens 1998). The iron concentration in channel sediments was
clearly higher than for shoal sediments in the Fairfield and Brewerton East shoal/channel pairs;
the other cases had no consistent pattern.

The concentrations of acid volatile sulfide and total reduced sulfur showed downcore increases
(Figure 14), with AVS generally a small to modest proportion of total reduced sulfur. The shoal

site at Fairfield had the highest total reduced sulfur, exceeding 500 pmol g'. The highest AVS
concentrations were found at Fairfield shoal, the channel sites for Brewerton Channel Eastern
Extension, and both channel and shoal sites at Brewerton Channel. Overall, these profiles are
similar to those in the upper bay (Comwell and Sampou 1995). The iron associated with AVS is
extracted with the 1 N HCl iron analysis. If HCl-extractable iron is 10-20 mg g (~180-360
umol g! Fe), most HCl-extractable iron is not in the form of AVS. These data suggest that there
is some iron oxide being buried at these sites; in the mesohaline Chesapeake, there is relatively
little iron oxide preservation. The difference between the total reduced sulfur and the AVS
concentration is pyrite sulfur. Pyrite is the dominant form of iron sulfide in our shoal and

channel cores; this is typical of sediments throughout the Chesapeake Bay (Cornwell and
Sampou 1995).
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Figure 6. Pore water sulfate concentrations.
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Figure 7. Pore water ammonium concentrations.
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Figure 8. Pore water soluble reactive phosphorus (phosphate) concentration.
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Figure 9. Pore water iron concentration.
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"Figure 10. Solid phase total carbon.
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Figure 11. Solid phase total nitrogen.
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Figurel2. Solid phase inorganic and total phosphorus.
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Figure 13. Solid phase HCl-extractable iron.
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Figure 14. Solid phase acid volatile and total reduced sulfur.
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Pore Water and Solid Phase Chemistry - Implications

The pore water and solid phase chemistry of these sites are generally more similar than we
expected. Although the channel sites have higher sedimentation rates and experience restricted
bottom water oxygen concentrations in the summer, the solid phase chemistry is remarkably
similar. Moreover, there is no consistent pattern of difference in the pore water chemistry. Only
the ammonium profiles differ consistently with the channel sites having higher concentrations.
This difference is interesting since sediment-water exchange rates of ammonium are not
consistently higher in the channel sediments. The only explanations for the higher ammonium
concentrations in pore water with similar flux rates are 1) the rapid burial of pore water
ammonium to depths at which it cannot diffuse to the sediment-water interface or 2) more
efficient nitrification/denitrification at the sediment-water interface. We do not have sediment
accretion rates for these sites, but it is a reasonable assumption that the rates of accretion are
higher in the channels that require dredging of > 0.5 m of sediment every 3-4 years. "Normal"
sedimentation rates in the Chesapeake are ~ 0.005 m y! (Officer et al. 1984), considerably lower
than channel sedimentation; sedimentation rates at shoal sites should be similarly low. While
denitrification rates are not available for these sites, other work (Cornwell and Owens 1999) has
shown very high winter denitrification rates.

5 CONCLUSIONS

This small study shows that the channel sediments that were investigated generally do not have
higher rates of metabolism than the shoal sites. In the Chesapeake Bay below the Bay Bridge to
the south of these sites, shallow water sites (relative to deep water sites) often have lower rates of
sediment metabolism, nutrient regeneration, and sediment accretion. Sediment "focusing", the
general tendency to move sediment from shallow water sediments to deep sediments (often by
wind-induced resuspension), results in enhanced sedimentation rates at greater depths. Both
inorganic particulates and labile, algal-derived organic matter are swept into these deeper
sedimentary environments as a consequence of this focusing process. This leads to an increase in
the organic matter remineralization relative to shoal sites.

In the upper bay, it appears that the mesohaline pattern of increased sediment metabolism in
channels is not an appropriate model. High inputs of inorganic sediments in winter/early spring
conditions, combined with low inputs of algae at that time, lead to relatively low nitrogen and
phosphorus release rates in the channels. The apparent low organic inputs to the channels does
not lead to sufficient sulfate reduction to result in loss of all iron oxide minerals and subsequent
release of iron-bound phosphorus.

Overall, the channel sediments are surprisingly unreactive given their high rates of sediment
accretion.
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Appendix I. Sediment-Water Exchange Data From Chesapeake Biological Laboratory

All tables are labelled as “B” series tables.
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TABLE B-1.1.  MARYLAND ENVIRONMENTAL SERVICE
SHOAL CHANNEL STUDY
WATER COLUMN PROFILES: Vertical profiles of temperature, salinity, dissolved oxygen
and other characteristics at shoal and channel stations

FILENAME SHHPAG97
REVISED : 9SEP97

TOTAL SECCHI GEAR SAMPLE

STATION  DATE TIME DEPTH DEPTH CODE  DEPTH TEMP COND SALIN DO DO SAT
(m  m (m) (©) (mmho/cm)  (opt)  (Mg/l (%)

BECL 19970811 1115 120 1.2 WPQ5 0.5 26.0 15.8 9.0 9.09 117.9
20 254 16.5 9.5 6.36 81.8

40 25.3 16.7 9.6 6.41 824

6.0 252 17.5 10.1 5.09 65.5

8.0 25.0 18.1 10.5 4.1 52.8

10.0 243 212 12.5 0.07 09

1.0 240 230 13.7 0.07 0.9

BESL 19970811 1232 5.7 1.2 WP05 0.5 26.4 16.5 95 11.03 144.5
1.0 25.7 164 94 8.69 1123

20 25.5 16.7 9.6 6.99 90.1

3.0 254 16.6 9.5 6.50 83.6

4.0 253 17.2 99 5.49 70.7

5.0 253 17.4 100 5.30 68.3

BWCL 19970812 1545 16.4 0.7 WP0O5 0.5 27.2 14.7 8.3 1101 146.7
20 26.4 14.8 8.4 9.03 117.6

40 25.8 15.6 8.9 5.63 72.7

6.0 25.3 16.8 9.7 2.54 32.7

8.0 249 18.1 10.5 1.36 17.4

10.0 245 194 1.3 0.58 74

12.0 24.1 20.5 12.1 0.10 1.3

14.0 23.8 23.3 13.9 0.10 1.3

16.0 23.8 23.9 14.3 0.12 1.5

BWSL 19970812 1648 6.0 0.5 WP05 0.5 277 14.6 82 13.10 174.5
1.0 26.7 149 8.4 9.61 125.8

20 26.6 149 8.4 9.02 117.8

3.0 26.5 149 8.4 8.75 114.1

40 26.0 15.8 9.0 5.62 729

5.0 254 16.8 9.7 2.64 340
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TABLEB-1.1.  MARYLAND ENVIRONMENTAL SERVICE
SHOAL CHANNEL STUDY
WATER COLUMN PROFILES: Vertical profiles of temperature, salinity, dissolved oxygen
and other characteristics at shoal and channel stations

FILENAME : SHHPAG?7
REVISED QSEP97

TOTAL SECCHI GEAR SAMPLE

STATION  DATE TIME DEPTH DEPTH CODE  DEPTH TEMP COND SALIN DO DO SAT
(m) (m) (m) (©) (mmho/cm) (Ppt)  (mg/h (%)

CHCL 19970811 840 160 1.4 WP05 05 24.8 18.1 10.5 5.82 745
1.0 24.8 17.8 10.3 6.02 76.9

30 24.8 19.0 na 474 60.9

5.0 249 19.2 1.2 496 639

7.0 250 19.6 n.s 484 62.6

9.0 25.0 19.9 1.7 431 55.8

1.0 24.9 20.1 11.8 3.23 4.7

13.0 24.1 235 14.1 0.08 1.0

15.0 24.1 23.8 14.3 0.08 1.0

CHSL 19970811 955 100 1.3 WPO5 0.5 25.4 19.0 1n.a 6.62 86.0
' 2.0 25.3 19.1 1n.1 6.07 78.7

4.0 25.2 19.3 1.3 5.57 722

6.0 25.2 19.5 1.4 484 62.7

8.0 25.2 20.0 1.7 417 54.2

95 25.2 20.0 1.7 4.30 55.8

FMCL 19970812 1415 164 1.3 WPO5 0.5 27.1 15.2 8.6 10.04 1325
30 26.1 15.4 8.8 7.42 96.3

5.0 25.8 16.0 9.1 5.03 65.0

7.0 25.3 17.2 9.9 2.66 343

9.0 245 19.2 1.2 0.75 9.6

1.0 237 21.6 12.8 0.10 1.3

13.0 23.6 232 13.9 0.12 15

15.0 23.5 23.6 14.1 0.16 2.0

FFOF 19970812 1045 57 1.3 WP05 05 26.7 15.0 85 8.83 1156
1.0 26.5 15.2 8.6 8.45 1104

2.0 26.3 15.4 8.8 7.6 9.1

3.0 26.1 15.5 8.8 7.18 93.2

4.0 26.0 15.5 8.8 697 90.4

5.0 26.0 15.6 8.9 6.35 82.3
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TABLEB-1.1.  MARYLAND ENVIRONMENTAL SERVICE
SHOAL CHANNEL STUDY

WATER COLUMN PROFILES: Vertical profiles of temperature, salinity, dissolved oxygen
and other characteristics at shoal and channel stations

FILENAME : SHHPAG97
REVISED : QSEP97

TOTAL SECCHI GEAR SAMPLE

STATION  DATE TIME DEPTH DEPTH CODE  DEPTH TEMP COND SALIN DO DO SAT
(m) (m) (m) (©) (mmho/cm; (Ppt)  (mg/l) (%)

NACL 19970811 1420 13.0 1.3 WPO5 05 26.0 13.7 77 6.83 88.0
20 25.9 13.7 7.7 6.60 84.9

40 25.8 13.7 7.7 6.39 82.0

6.0 25.6 13.7 7.7 573 732

8.0 25.4 15.4 8.8 4.60 59.0

10.0 25.0 18.0 104 2.40 30.8

125 25.0 18.3 10.6 1.94 25.0

PLIS 19970814 737 39 1.9 WP05 05 26.4 125 6.9 7.10 91.8
1.0 26.5 126 7.0 7.04 91.1

20 26.5 12.8 7.1 6.82 88.3

30 26.5 13.1 7.3 6.53 84.7
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TABLE B-2.1. MARYLAND ENVIRONMENTAL SERVICE
SHOAL CHANNEL STUDY
WATER COLUMN NUTRIENTS: Dissolved and particulate nutrient concentrations in surface
and bottom waters at shoal and channel stations

FILENAME : SHNTAG97

REVISED : 13JUL98
DISSOLVED NUTRIENTS
TOTAL SAMPLE CORR
STATION  DATE DEPTH  DEPTH  NHa* NO2 NO2+NO3 DIP SI(OH)4

(m) m @M M) ®©M) M) uM)

BECL 19970811 12.0 1.0 25.0 0.19 0.22 1.46 447
BESL 19970811 5.7 50 8.3 0.30 3.00 0.16 38.9
BWCL 19970812 16.4 16.0 29.3 0.0 0.09 2.23 47.4
BWSL 19970812 6.0 5.0 18.7 0.78 0.48 5.92 420
CHCL 19970811 16.0 15.0 222 0.24 0.49 1.83 45.1
CHSL 19970811 10.0 9.5 11.8 0.19 0.91 0.46 394
FMCL 19970812 16.4 15.0 35.5 0.08 0.1 272 46.8
FFOF 19970812 57 5.0 16.5 1.20 10.60 0.17 38.4
NACL 19970811 13.0 12.5 16.9 0.42 3.34 0.64 45.8
PUS 19970814 3.9 3.0 8.9 0.58 11.00 0.60 40.8
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TABLE B-3.1.

MARYLAND ENVIRONMENTAL SERVICE
SHOAL AND CHANNEL STUDY

SEDIMENT PROFILES: Vertical sediment profiles of En and surficial

sediment characteristics at shoal and channel stations

FILENAME : SHPFAG97
REVISED 13JUL98
SURFICIAL SEDIMENT SEDIMENT
PARTICULATES (2-3 mm) CHLOROPHYLL-a (1 cm)
CORE Eh Eh SED SED SED SED CHLa  SED CHLa
STATION  DATE TIME  DEPTH MEAS  CORR PC PN PP TOTAL ACTIVE
cemy  MmV) (MmV)  R(wh  %(wh)  %(wt) (mg/m?  (mg/m?)
BECL 190970811 1101 1.0 118 362
0.0 117 361
-10 211 33 3.83 0.340 0.101 165.4 85.8
20 -206 38
-3.0 HH HH
-4.0 276 -32
-5.0 HH HH
-6.0 -249 -5
-7.0 HH HH
-8.0 -230 14
9.0 HH HH
-10.0 -191 53
BESL 19970811 1226 1.0 130 374
0.0 147 39N
-1.0 -344 -100 3.32 0.270 0.081 135.8 63.9
-2.0 -190 54
-3.0 HH HH
-4.0 -123 121
-5.0 HH HH
-6.0 93 151
-7.0 HH HH
-8.0 -100 144
9.0 HH HH
-10.0 -69 175
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TABLE B-3.1.

MARYLAND ENVIRONMENTAL SERVICE
SHOAL AND CHANNEL STUDY
SEDIMENT PROFILES: Vertical sediment profiles of Eh and surficial

sediment characteristics at shoal and channel stations

FILENAME : SHPFAG97
REVISED 13JUL98
SURFICIAL SEDIMENT SEDIMENT
PARTICULATES (2-3 mm) CHLOROPHYLL-a (1 cm)
CORE Eh Eh SED SED SEDCHLa  SED CHLa
STATION  DATE TIME  DEPTH MEAS  CORR PC PN TOTAL ACTIVE
cemy mv) (mV)  Bwh  B(wh)  %(wh) (mg/m?  (mg/m?)
BWCL 19970812 1636 1.0 102 346
0.0 -26 218
-1.0 -161 83 3.73 0.420 0.128 164.0 101.9
20 -163 81
-3.0 HH HH
-4.0 -34 210
-5.0 HH HH
-6.0 -61 183
-7.0 HH HH
-8.0 -56 188
9.0 HH HH
-100 -32 212
BWSL 19970812 1644 1.0 94 338
0.0 m 355
-1.0 -172 72 3.71 0.350 0.134 160.63 94.44
-2.0 -237 7
-3.0 HH HH
-4.0 -210 34
-5.0 HH HH
-6.0 -169 75
-7.0 HH HH
-8.0 -136 108
9.0 HH HH
-10.0 99 145
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TABLE B-3.1.

MARYLAND ENVIRONMENTAL SERVICE
SHOAL AND CHANNEL STUDY

SEDIMENT PROFILES: Vertical sediment profiles of Eh and surficial

sediment characteristics at shoal and channel stations

FILENAME : SHPFAG97
REVISED 13JUL98
SURFICIAL SEDIMENT SEDIMENT
PARTICULATES (2-3 mm) CHLOROPHY!
CORE Eh Eh SED SED SED SED CHLa
STATION  DATE TIME  DEPTH MEAS  CORR PC PN PP TOTAL
cemy (M) (MmV) Bwh  %Bwh)  %wh (mg/m?)
CHCL 19970811 819 1.0 95 339
0.0 -68 176
-1.0 13 257 3.64 0.470 0.127 103.43
-2.0 -273 -29
-3.0 HH HH
-4.0 -471 -227
-5.0 HH HH
-6.0 -284 -40
-7.0 HH HH
-8.0 -185 59
9.0 HH HH
-10.0 -196 48
CHSL 19970811 926 1.0 137 381
0.0 132 376
-1.0 -165 79 3.85 0.380 0.109 213.39
20 -171 73
-3.0 HH HH
-4.0 -142 102
-5.0 HH HH
-6.0 -62 182
-7.0 HH HH
-8.0 25 269
9.0 HH HH
-10.0 -40 204
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TABLE B-3.1.

MARYLAND ENVIRONMENTAL SERVICE
SHOAL AND CHANNEL STUDY

SEDIMENT PROFILES: Vertical sediment profiles of Eh and surficial

sediment characteristics at shoal and channel stations

FILENAME : SHPFAGY7
REVISED 13JUL98
SURFICIAL SEDIMENT SEDIMENT
PARTICULATES (2-3 mm) CHLOROPHYLL-a (1 cm)
CORE Eh En SED SED SED SED CHLa  SED CHLa
STATION  DATE TIME  DEPTH MEAS  CORR PC PN PP TOTAL ACTIVE
cem mv) (MmV)  %wh  %Bwh  %(wt) (mg/m?)  (mg/m?
FMCL 19970812 1404 1.0 123 367
0.0 m 355
-1.0 -87 157 3.75 0.440 0.141 182.83 129.57
20 -54 190
-3.0 HH HH
-4.0 -102 142
-5.0 HH HH
-6.0 216 28
-7.0 HH HH
-8.0 -201 43
9.0 HH HH
-10.0 -176 68
FFOF 19970812 1024 1.0 113 357
0.0 -66 178
-1.0 -213 31 424 0.410 0.163 171.91 89.71
-20 -193 51
-3.0 -159 85
-4.0 -166 78
-5.0 -76 168
-6.0 -77 167
-7.0 -132 112
-8.0 -256 -12
9.0 -313 -69
-10.0 -292 -48
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TABLE B-3.1.

SHOAL AND CHANNEL STUDY
SEDIMENT PROFILES: Vertical sediment profiles of En and surficial

MARYLAND ENVIRONMENTAL SERVICE

sediment characteristics at shoal and channel stations

FILENAME : SHPFAG97
REVISED 13JUL98
SURFICIAL SEDIMENT SEDIMENT
PARTICULATES (2-3 mm) CHLOROPHYLL-a (1 cm)
CORE Eh En SED SED SED CHLa  SED CHLa
STATION  DATE TIME  DEPTH MEAS  CORR PC PN TOTAL ACTIVE
cm (MmV) (mV) %wh  %(wh)  %(wh) (mg/m?  (mg/m?)
NACL 19970811 1406 1.0 135 379
00 125 369
-1.0 124 368 3.97 0.270 0.092 176.56 101.35
-20 -172 72
-3.0 HH HH
-4.0 -178 66
-5.0 HH HH
-6.0 -186 58
-7.0 HH HH
-8.0 -182 62
9.0 HH HH
-10.0 -166 78
PLIS 19970814 720 1.0 95 339
0.0 92 336
-1.0 84 328 3.75 0.260 0.097 124.82 28.49
20 -131 113
-3.0 -84 160
-4.0 -37 207
-5.0 -73 171
-6.0 -112 132
-7.0 Q7 147
-8.0 -106 138
9.0 -37 207
-10.0 -75 169
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TABLE B-4.1. MARYLAND ENVIRONMENTAL
SHOAL AND CHANNEL STUDY

SERVICE

CORE DATA: Dissolved nutrient and oxygen concentrations in shoal
and channel sediment-water flux chambers

FILENAME : SHCDAGY97
REVISED 8SEP97
CORE TIME OF TIME TIME AA
STATION  DATE NO SAMPLE DELTA SUM DO VIAL  NHg* NO2 NO2+NOs3 DIP  SI(OH)a
(r min)  (min)  (min)  (mg/h) NO @WM) (M) () R (T)) M)
BECL 19970811 1 12 40 0 0 0.67 10 26.5 0.07 0.73 1.47 45.1
13 40 60 60 0.83 13 290 0.07 0.68 1.40 443
14 42 62 122 0.44 17 31.1 0.21 0.78 1.32 46.0
15 40 58 180 0.35 20 337 0.16 0.64 1.31 47.3
BESL 19970811 1 13 55 0 0 5.00 14 9.1 0.31 2.53 022 43.1
14 55 60 60 4.10 18 10.8 0.37 2,66 0.35 474
15 55 60 120 3.35 21 12.8 0.34 2.83 0.49 49.6
16 55 60 180 270 23 14.9 071 3.00 0.65 480
BWCL 19970812 1 16 55 0 0 0.35 73 30.9 0.28 0.10 224 46.3
17 586 61 61 0.29 76 340 0.31 0.34 234 45.7
18 55 59 120 0.24 79 35.2 0.32 0.10 244 47.2
19 55 40 180 0.19 81 38.7 013 0.13 2.60 47.1
BWSL 19970812 1 17 40 0 0 270 75 18.2 0.58 5.46 0.50 4.2
18 40 60 60 227 78 204 0.59 5.34 0.54 4.6
19 40 &0 120 1.93 80 223 0.57 5.09 0.59 45.2
20 40 60 180 1.67 82 23.6 0.556 5.02 0.61 469
CHCL 19970811 1 9 80 0 0 0.30 3 228 0.24 0.38 1.88 454
10 80 60 60 0.45 4 23.7 0.19 0.90 1.58 46.8
180 60 120 0.99 7 242 0.18 0.32 1.49 48.1
12 50 60 180 1.72 11 25.3 0.18 0.33 1.33 48.6
CHSL 19970811 1 1nm 25 0 0 4.38 6 11.2 0.22 091 0.50 432
1230 65 65 3.48 8 13.9 0.28 0.98 0.72 45.0
13 25 55 120 2.86 12 14.5 0.29 0.94 0.89 480
14 25 60 180 233 15 19.4 0.31 0.98 1.07 51.4
FMCL 19970812 1 15 30 0 0 0.29 69 36.9 0.21 on 2.66 47.3
16 30 60 60 0.20 A 40.5 0.06 on 275 80.9
17 32 62 122 0.15 74 448 0.n 031 2.89 49.1
18 30 58, 180 0.22 77 46.0 0.07 0.33 3.09 50.8
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TABLE B-4.1. MARYLAND ENVIRONMENTAL SERVICE
SHOAL AND CHANNEL STUDY
CORE DATA: Dissolved nutrient and oxygen concentrations in shoal
and channel sediment-water flux chambers

FILENAME : SHCDAG?7
REVISED : 8SEP97
CORE TIME OF TIME TIME AA
STATION  DATE NO SAMPLE DELTA SUM DO VIAL  NHs* NO2 NO2+NOs3 DIP  SI(OH)a

(r min)  (min) (M)  (mg/) NO  @M) M) M) M) M)

FFOF 19970812 B 12 10 0 0 5.60 36 16.3 1.06 10.40 0.24 37.6
13 10 60 60 5.52 44 15.3 1.20 9.37 0.24 370

14 10 60 120 5.50 52 15.6 1.37 10.00 0.23 38.6

15 10 60 180 5.48 60 143 1.02 10.10 0.23 38.1

16 10 60 240 5.42 65 14.6 1.04 10.20 0.27 38.6

1 12 10 0 0 6.12 37 18.1 1.18 10.20 0.35 38.6
13 10 60 60 533 45 202 1.00 9.47 0.50 40.6

14 10 &0 120 4.64 53 240 1.43 8.83 0.60 435

15 10 60 180 4.12 61 26.1 1.02 8.66 0.76 45.8

16 10 60 240 3.55 66 293 0.98 8.28 0.95 49.2

2 1210 0 0 6.93 38 18.4 1.23 10.10 0.34 38.3
13 10 60 60 5.89 46 20 1.02 9.57 0.36 403

14 10 60 120 5.12 54 24.8 1.16 9.64 0.44 413

15 10 60 180 4.59 62 23.6 1.08 9.69 0.46 429

16 10 60 240 4.05 67 28.9 1.08 8.88 0.49 449

3 12 10 0 0 6.09 39 194 1.06 10.10 0.46 400
13 10 60 &0 544 47 222 1.21 9.80 0.60 40.6

14 10 60 120 487 55 244 1.00 AR 0.57 439

15 10 60 180 4.44 63 26.8 1.07 8.81 0.70 45.5

16 10 60 240 3.98 68 290 1.00 8.56 0.78 46.2
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TABLE B-4.1. MARYLAND ENVIRONMENTAL SERVICE
SHOAL AND CHANNEL STUDY
CORE DATA: Dissolved nutrient and oxygen concentrations in shoal
and channel sediment-water flux chambers

FILENAME : SHCDAG?97
REVISED 8SEP97
CORE TIME OF TIME TIME AA
STATION  DATE NO SAMPLE DELTA SUM DO VIAL  NHa* NO2 NO2+NOs3 DIP  SI(OH)a

(r min)  (min)  (min)  (mg/h) NO WM) (M) [CLOREN (LD M)

NACL 19970811 1 15 30 0 0 1.96 19 17.4 0.31 3.46 0.76 447
16 30 60 60 1.59 22 19.9 0.33 3.33 0.92 40.6

17 30 60 120 1.21 24 25.1 0.45 3.16 1.02 46.7

18 30 60 180 09 25 2.4 0.34 2.95 1.37 439

PLIS 19970814 B 8 55 0 0 670 147 9.0 0.52 10.70 0.59 428
9 &5 60 60 656 152 8.7 0.48 11.50 0.61 422

10 585 60 120 6.51 156 8.6 0.50 11.85 0.61 449

1 585 60 180 650 168 8.7 0.56 11.40 0.60 46.8

12 55 60 240 649 172 8.3 0.50 11.30 0.62 49.0

1 8 55 0 0 629 148 10.8 0.81 11.50 0.83 448
9 &6 60 60 522 183 14.1 0.50 11.70 1.08 46.8

10 55 &0 120 473 157 15.0 0.48 12.00 1.24 52.0

1 585 60 180 433 169 17.0 0.64 11.90 1.24 55.3

12 85 60 240 378 173 180 0.49 12.00 1.27 56.3

2 8 &5 0 0 609 149 11.6 0.50 11.50 0.85 427
9 55 60 60 508 154 16.5 0.53 11.80 1.32 44.7

10 &5 60 120 464 158 14.9 0.48 11.60 1.21 458

11 55 60 180 411 170 14.4 0.44 12.00 1.37 48.5

12 85 60 240 345 174 19.0 0.50 12.10 1.38 50.6

3 8 585 0 0 614 150 11.0 0.47 11.30 0.82 425
9 56 60 60 483 1585 16.5 0.55 11.40 1.04 449

10 586 60 120 4290 159 17.5 0.46 11.70 1.20 46.4

1 85 60 180 3.81 171 19.6 0.59 11.70 1.28 49.4

12 55 60 240 325 175 21.2 0.46 11.70 1.33 50.9

UMCES SHOAL/CHANNEL - 47




TABLE B-5.1. MARYLAND ENVIRONMENTAL SERVICE
SHOAL CHANNEL STUDY
SEDIMENT-WATER FLUX: Net sediment-water exchange rates of dissolved oxygen (gO2/(m2.day))

FILENAME : SHFLAG97

and nutrients (uMN, P, Si and S/(mZ2.hr))

REVISED :  13JUL98
-  CORE - S o NHa*
H20 FLUX FLUX
STATION DATE NO VOL DEPTH SLOPE FLUX MEAN SLOPE FLUX MEAN
(mi) (M) (mg/(lmin))  (gO2/(m2.day)) (WMN/min) (WMN/(m2.hr))
BECL 19970811 1 1710 0123  -0.001813 -0.32 -0.32 0.039345 290.4 290.4
BESL 19970811 1 1940  0.140  -0.013290 2,67 2,67 0.032333 270.8 270.8
BWCL 19970812 1 2100  0.151  -0.000936 -0.20 -0.20 0.041096 3725 3725
BWSL 19970812 1 1830  0.132  -0.005985 113 113 0.030167 238.3 238.3
CHCL 19970811 1 1960  0.141 NI NI NI 0.013333 112.8 1128
CHSL 19970811 1 1800  0.129  -0.012201 -2.28 -2.28 0.042427 3296 329.6
FMCL 19970812 1 1660  0.119  0.000000 0.00 0.00 0.052613 377.0 377.0
FFOF 19970812 1 2020  0.145 -0.010583 -2.08 -2.06 0.047167° ang 394.1
2 1876 0135 -0.011767 -2.16 0.045762 3705
3 2340 0168 -0.008700 -1.95 0.039667 400.7
NACL 19970811 1 2080 0.150 -0.006146 -1.32 -1.32 0.068667 6165 6165
PLIS 19970814 1 1810  0.130  -0.009850 -1.78 -1.96 0.028833 2469 288.1
2 1960 0141  -0.010417 2,04 NI NI
3 1820 0131 0011333 2,07 0.039167 329.4
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TABLE B-5.1.  MARYLAND ENVIRONMENTAL SERVICE

SHOAL CHANNEL STUDY

SEDIMENT-WATER FLUX: Net sediment-water exchange rates of dissolved oxygen (gO2/(m2.day))
and nutrients (uMN, P, Si and S/(m?2.hr))

Part 2 of 4
FILENAME : SHFLAG97
REVISED 13JUL98

-  CORE --- e NO2 NO2 + NO3
H20 FLUX FLUX
STATION DATE NO VOL DEPTH SLOPE FLUX MEAN SLOPE FLUX MEAN

(mil) (m) (MN/(.min)) (uMN/(m2.hr)) (BMN/(l.min)) (uMN/(mZ.hr))

BECL 19970811 1 1710 0.123 NI NI NI NI Ni NI
BESL 19970811 1 1940 0.140 0.000000 0.00 0.0 NI NI NI
BWCL 19970812 1 2100 0.151 0.000000 0.00 0.0 NI NI NI
BWSL 19970812 1 1830 0.132 0.000000 0.00 0.0 0.000000 0.00 0.0
CHCL 19970811 1 1960 0.141 0.000000 0.00 0.0 0.000000 0.00 0.0
CHSL 19970811 1 1800 0.129 0.000475 3.69 3.7 0.001919 1491 149
FMCL 19970812 1 1660 0.119 0.000000 0.00 0.0 -0.004000 -28.66 -28.7
FFOF 19970812 1 2020 0.145 0.000000 0.00 -1.8 -0.007750 -67.58 -58.0

2 1876 0.135  -0.000681 -56.51 -0.004691 -37.98

3 2340 0.168 0.000000 0.00 -0.006783 -68.51
NACL 19970811 1 2080 0.150 0.000000 0.00 0.0 0.005270 47.32 47.3
PLIS 19970814 1 1810 0.130 NI NI 0.0 0.002000 15.63 16.6

2 1960 0.141 0.000000 0.00 0.002333 19.74

3 1820 0.131 NI NI 0.001833 14.40
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TABLE B-5.1. MARYLAND ENVIRONMENTAL SERVICE

SHOAL CHANNEL STUDY

SEDIMENT-WATER FLUX: Net sediment-water exchange rates of dissolved oxygen (gO2/(m2.day))

and nutrients (uMN, P, Si and S/(m2.hr))

Part 3 of 4
FILENAME : SHFLAG97
REVISED : 13JUL98
- CORE - - ———- DIP SILCATE -
H20 FLUX FLUX
STATION DATE NO VOL DEPTH SLOPE FLUX MEAN SLOPE FLUX MEAN
(ml) (m) MP/(.min)) (uMP/(mZ2.hr)) ©MSI/d.min))  MSi/(m2.hr)
BECL 19970811 1 1710 0.123 NI NI NI 0.025028 184.74 184.7
BESL 19970811 1 1940 0.140 NI NI NI 0.054167 453.60 453.6
BWCL 19970812 1 2100 0.151 NI NI NI 0.000000 0.00 0.0
BWSL 19970812 1 1830 0.132 0.001607 12.69 12.7 0.014500 114.54 1145
CHCL 19970811 1 1960 0.141 NI NI NI 0.018167 153.70 183.7
CHSL 19970811 1 1800 0.129 0.002647 20.57 206 0.046194 358.92 358.9
FMCL 19970812 1 1660 0.119 0.002871 20.57 20.6 0.018721 134.14 134.1
FFOF 19970812 1 2020 0.145 0.002433 21.21 13.0 0.044000 383.65 296.0
2 1876 0.135 0.000667 5.40 0.026333 213.19
3 2340 0.168 0.001233 12.45 0.028833 291.23
NACL 19970811 1 2080 0.150 0.008202 73.64 73.6 NI 0.00 0.0
PLIS 19970814 1 1810 0.130 0.001733 13.54 16.6 0.052500 188.82 93.9
2 1960 0.141 0.002338 19.78 0.032667 36.67
3 1820 0.131 0.002100 16.50 0.035500 56.30
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TABLE B-5.1. MARYLAND ENVIRONMENTAL SERVICE
SHOAL CHANNEL STUDY
SEDIMENT-WATER FLUX: Net sediment-water exchange rates of dissolved oxygen (gO2/(m?.day))
and nutrients (uMN, P, Si and S/(m2.hr))
Part 4 of 4

FILENAME : SHFLAG97

REVISED 13JUL98
- CORE --- BLANK BLANK BLANK BLANK BLANK BLANK
H20 DO NHa* NO2 NO2+NOs3 DIP Si(OH)4
STATION DATE NO VOL DEPTH (UMSi/(.min))

(mb) (m) (mg/(.min)) ------ (MN/(.min))--—-- (UMP/(l.min))

BECL 19970811 1 1710 0.123 YB YB YB YB YB YB
BESL 19970811 1 1940 0.140 YB YB YB YB YB YB
BWCL 19970812 1 2100 0.161 YB YB YB YB YB YB
BWSL 19970812 11830 0.132 YB YB YB YB YB Y8
CHCL 19970811 1 1960 0.141 YB YB YB YB YB YB
CHSL 19970811 1 1800 0.129 YB Y8 YB YB YB YB
FMCL 19970812 1 1660 0.119 YB YB YB YB YB YB
FFOF 19970812 1 2020 0.145 -0.000667 0.000000 0.000000 0.000000 0.000000 0.000000
2 1876 0.135 -0.000667 0.000000 0.000000 0.000000 0.000000 0.000000
3 2340 0.168  -0.000667 0.000000 0.000000 0.000000  0.000000 0.000000
NACL 19970811 1 2080 0.150 YB YB YB YB YB YB
PLIS 19970814 1 1810 0.130 -0.000367 -0.002762 0.000000 0.000000 0.000000 0.028333
2 1960 0.141 -0.000367 -0.002762 0.000000 0.000000 0.000000 0.028333
3 1820 0.131 -0.000367 -0.002762 0.000000 0.000000  0.000000 0.028333
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Appendix II. Pore water and solid phase data.

Analyte ID’s:

SO4 pore water sulfate

Cl pore water chloride

NH4 pore water ammonium

Fe pore water iron

Si pore water silicate

H2S pore water hydrogen sulfide
AVS acid volatile sulfide

CRS chromium reducible sulfur

Total S total reduced sulfur (AVS + CRS)
HCI-Fe HCl-extractable solid phase iron
P inorganic solid phase phosphorus
TP total phosphorus

C total carbon

N total nitrogen
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Station/ | depth SO4 cl NH, PO, Fe
Sample | (cm) umol L umol L umol L umol L™ umol L
No: channel | shoal |channel| shoal channell shoal | channel | shoal channel | shoal
Appro;c:llj
1| o025 s4s] 626 115] 121] 144] 33 3.7 3.7 3.80| 836
ol os] 719 sl 1sof  11s]  164] 156 3.7 62  30.80] 11.44
3| 18| 791 ssef  1sdf 114l 436] 237 334 285 106.93] 32.12
g 25 694 462 159 100 291 296] 532 656 11573 43.13
5 4 683 381 169 88| 316 181 4450  101. 68.65 62.49
6 6f sool 388 1700 91 739 375 84] 792 9989 418
71 10 149 335 143 83| 1339 seo] 71 643 8141 1540
8l 171 o029 233 114 75| 2218 594 2100 804 21343 16.72
Craigl | 025] 10790 707 204 148 234 130 173 124 1276  0.00
2l os| 1149 637 212 137 285 149 1.l 198 1188 39.17
3l 1s| 1037 391 20 84] 305 94) 124 3. 9.68] 3124
4 25 1015 389 194 84 313 60f 297 532 6.60] 43.57
5 4 1003 656 2211 139 464 122 569 322 nodata] 44.01
6 of 867 6500 213 142] 647 125 940 322 6.60] 19.80
71 10 636] 541 179 128] 983] 184 1385 103.9 8.36] 7.9%
8l 171 599 505 199 132 1211 230] 1682 63.1 792 6.1
Fairfield 1| 025 863 676 2171 135 474 279 854 4435 4137 66.89
2l 05| 844 650 242 129 658 293] 829 804 2068 53.69
3l 15 sa8) 706 219 143 1026 288] 2264 11500 5545 3961
4 25 276] 685 2200 1400 1376] 316] 24000 1175 92.41] 21.5¢
5 4 o070 564 192f 130] 1604 2571 1658 o668 17382 924
6 6| o010 352 188 131 1623] 307 1064 767 17822 744
71 1o o066l 076 176| 112] 1699 464] 183.1] 1410 410 924
8 17 195 noda 165 nodatal 1606|  720] 2338 2598 2860 968
BrewExt1| 025 1174 862 239 169 276] 74| 3.7 250 660 924
2l os| 11171 871 255 170] 428 74 62 25 836 6.1
3] 15 854 846l 216 162 551 103 30.9 25 3344 6.60
4 25| 744 899 245 179 826 103] 1089 49 171.18] 6.60
5 4 a40] 808 1971 155 1099 156] 1460 99 173.82] 11.44
6 6f 317 744 198 138] 1323 159 126 124  9725] 14.04
71100 203 663 184] 13s| 1393] 218] 1905 544 17.1] 6.1
8 17 1.94 noda 181 nodata] 1797 nodat)l  174.4] nodatd  12.76|no data
Brewerton 1| 025 907 698 188 136 363 172 309 260  23.32] 108.69
2l o5 981 72s| 249 139 599  218] 7098 24 23.76] 51.93
3| 15| 741 741 216) 148 661 260] 1497 1126 3564] 851
4 25 568 790 214 165|579 27| 2159 97 55.45] 70.85
5 4 238 702 2271 151] 16200 260] 3315 87 65.19 68.6
6 6f 033 s91 218 135|891l 293] 3884 470 3961 3256
71100 ooe] 349 218 122] 1923 369 3104 73 7877 43.57
8l 171 nodatal 323 1971 113] 1676] 436 155 9.5 4137 303d
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Station/ | depth Si H,S AVS CRS total S
Sample | (cm) umol L™ umol L umol S umol S umol L
North channel| shoal |channel| shoal channell shoal | channel | shoal channel| shoal

Approach
| o025 135 242 2 3] 2360 o000 3703 5121 3939 5121
] os 15 23 0 s] 366l 169 5580 6211 5946  63.84
3 15| 216 336 0 5| nodatal 12.99 nodatd 6601 nodata]  79.00
4 25 29 266 3 71 3883 174 4532 4450 s54.14  61.94
5 4 354 312 0 10 12360 9371 27.1] 42 39471 524
6 d 3721 410 3 gl 1511 2141 6084 11524 7595 136.63
71 10 430 468 P 8l 4233 nodatal 6407 nodatd 106.40] no data
gl 171 565 459 0 8l 733 nodatal 3925 nodatd  46.58 no data

Craig1 | 0.25|no data| no da 2 7 394 000 nodata 89.41] ISFdatd  89.4
2l o5 191 28 2 of 919 1158 13766 21161 14685 223.1
3] 15| 188 27 3 A 699 1153 9949 31345 106.44] 324.94
4 25 324 326 no datal 3 104 1078 26905 189.94 27009 200.72
5 4 191 314 no data] s| o068 1135 30209 27258 30274 283.94
6 6f 602 382 no data of 029 667 32057 187.3] 32086 193.99
71 100 740 688 nodata 5| 148 718 29832 33304 29980 340.23
g 171 7 597l nodatal 1] 1100 805 350321 28579 351420 29384

Fairfield 1| 025 376] 224 0 of 6432 3876 21054 330700 274.86] 369.4
A 03] 45 304 2 of 6819 8248 7551 29153 143700 3740
3] 15| 588 240 3| of 4375 6522 21888 33594 26263 401.14
4 25 55 250 5| 2 1993 12125 14580 34733 16573 468.54
5 4 568 380 2 18] 17.70] 10463 172.30 421500 19000 526.13
4 6 662 27 3] 65 8686 99.28] 12855 454179 21541 553.45
A 10 sa6l 352 71 418 2690 93.58 32792 632.51 3548 726.15
8 171 664 429 3l 1017 1200 14644 29498 59687 30698 74331

BrewExt1l 025 163 165 10 3 o000l 000 6404 2609 6404  26.09
2 os 216 161 5 2 483 o1l 5741 4613 6224 4624
3 15| 3200 185 3 8 753 0120 50510 1944 5804 195
4 25 44 210 5 2 644 116 3561 11511 4205 1163
5 4 408 266 5 2l 481 9200 7363 16384 7844 173.0
4 6 380 298 5| 3| 1672 11871 5777 25508 7401 266.92
1 1 522 379 5 2l 7582 1037 140600 21009 21642 220.44
§ 17 491 nodatd 7 2] 428Ynodatal  99.13 nodatd 141.95 nodata

Brewerton| 025 18¢ 174| 0 2l 1879 734 11157 9930 130.36 106.61
1
2l o35l 25 244 3 o 1844] 876 10980 13225 12824 14101
3 15 33 27 0 3 4311 1482 11665 12942 159.76] 144.24
4 25 38 372 0 0 4348 25971 9284 15984 13632 18531
5 4 4100 399 2 o 5232 1855 15096 111300 20328 129.84
6 of 478 332 0 of 7560 22770 16259 121.09 23819 143.34
1 5500  424| 0 8 4333 42.41] 13084 13073 174074 1731
8 171 652 444 I nodatal 2027] 177.43] 243.73 228.01] 264.00] 405.44
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Station/ |depth | HCIF P TP C N
Sample | cm) | megg me g’ mg g’ mg g’ megg
North| channel | shoal |channel| shoal channeEllsﬁoal channel | shoal channelEr shoal
Approach|
| o025 1319 1271 o075 o087 104 107 422 39 029 0.9
o os| 1363 1393 o060 093 o082 110 4400 371 021  03)
3| 15| 1292] 1543] o063] o079 o083 o098 471 368 028 o029
4 23] 1359 1835 o066l 074 083 0.9 soof 418 029 027
s| 4 13920 13011 069 o064 088 0384 4971 3.6 0.29 027
of o 1637 13621 o082 o055 101 o 4400  3.56 0.30 026
71 10| 1498 1633 076 053 o094 o070 50 3. 0.32) 0.2
sl 17 11.13] 1425] 076 093 093 o071 446  3.66 030  0.26
Craigl | 025] 13.98] 1451 o097 o083 126 111 3700  3.36 044 039
ol os| 1516 1136] 061l o068 134 o082 3420 791  o046] 033
3] 15| 1159 1146] 034 088 091 120 1471 435, 035 04
o) 25 1752 1114 034 044 o041 065 143 224 o016 031
s| 4 22200 1097 033 03s] o041 o059 1477 2271 o017 o024
6 of 1439 4346 033 034 o041l o050 15] 17 0171  0.24
71 10] 1436] 1919 034 034 043 049 1.54 215 0171 021
8l 17] 1500  nodata] 033 064 044 049 380 215 o018 o021
Fairfield 1] 0.25] 18.25] 22.92] 103 138 134 147 3711 468 038 046
2l o5 1978] 2397 11l 139 137 147 338  5.09 06 047
3l 1.5 2082 24300 093 126 118 1.40] 351  4.66 036 047
4 25 16300 1953 11| o095 137 132 348 4.2 036 043
5 4 1705 1875 107 o091 132 122 3600 414 035 040
6 of 19.02] 2424 133 o9 138 122 300 39 035 037
7110l 2140 2017 141 o094 11 1271 468 381 029 034
8 17 1667 2913 o090 114 108 130 504 3.76 029 033
BrewEx{ 025 1817] 1554 o08s| o060l 1.11 0.93] 3.83| 3.33F 0.21 0.2
1
2l 05| 1742 1346] 076 051 157 o8] 37 2.89 034 023
3] 15| 2218 1339 089 058 104 079  3.90] nodatl  0.32] nodatd
4 25| 1952 1470 084 051 107 o065 406 267 0.32 0.21
5 4 2069 14671 085 o048 115 072 41s] 29 o033 021
6 6f 2109 1421 o080 o038 106 0.5 394 305 032 0.23
71 10l 2228 14671 o071 o031 101 o051 3371 245) 029 o021
8 17 2334 1817) o8 o03s] 112f o053 345 25 o030 023
Brewerton|  0.25| 2338] 2167 098] o066] 129 134 361 374 o039 037
1
2l o3| 2590 2321 o097 112 112 139 36l 378 041 0.3
3| 15l 23520 2179 093] o014 1200 131 3. 3.76 0.41 0.3
o 25 2417 2236 082 104 123 122 344 3.3 0.3 0.39
51 4 2608 2439 090 oss 126 123 3650 351 - 041 0.33
6| 6 2572] 29411 o090 o078 1211 111 375  3.89 0.39 0.3
71 10 22100 26571 100 o080 134 1.12 3.65 3.4 042] 0.24
8l 17 1820 nodatal 090l 123 o079 140l 208 35 023 02
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Station/ |depth % H,0
Sample | (cm)

North channel| shoal
Approach|
1] 025 7371 73.3

2| os] 615 69
3| 15 602 671
a 25 588 651
5 4 576 613
6 o 561 60.
7

100 582 607
171 55.0f 62.7
Craigl | 025 893 824

2l os| 874 752
3] 15| 796 684
4 25 579 654
s| 4 s89l 624
6 6f 578 629
71 100 580 64.8
8l 17 585 649
Fairfield 1| 0.25] 872 386.94
A os| sie] 843
3l 15| 777 819
4 25 762 782
5 o 742] 756
6 o 725 729

100 679 723
8 17 678 744
BrewEx{ 025 818 726

05| 784 64.9
1.5 699 57.3
25| 6871 543
76.3] 53.23
6] 664 58.7
10 6350 599
171 64.5] no datq
Brewerton| 0.25 874 80.7

olalojuleluw o
'S

0.5] 832 79.7
1.5] 817 75.5
250 795 709
4 789 689
768 659
10 77.1] 620
171 6371 683

Y N1 EN 7Y PN (%9 S8 I
(=2
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