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EXECUTIVE SUMMARY

The Massachusetts Water Resources Authority (MWRA) has collected water quality datain
Massachusetts and Cape Cod Bays for the Harbor and Outfall Monitoring (HOM) Program since 1992.
This monitoring isin support of the HOM Program mission to assess the potential environmental effects
of the relocation of effluent discharge from Boston Harbor to Massachusetts Bay. The data are being
collected to establish baseline water quality conditions and ultimately to provide the meansto detect
significant departure from that baseline. The surveys have been designed to evaluate water quality on
both a high-frequency basisfor alimited areain the vicinity of the outfal site (nearfield) and alow-
frequency basis over an extended area throughout Boston Harbor, M assachusetts Bay, and Cape Cod Bay
(farfield). Thissemi-annual report summarizes water column monitoring results for the nine surveys
conducted from February through July 1999.

The winter to spring transition in Massachusetts and Cape Cod Bays is usually characterized by a series
of physical, biological, and chemical events: seasona stratification, the winter/spring phytoplankton
bloom, and nutrient depletion. Thiswas generally the case in 1999 with the onset of stratification in
April, very high chlorophyll concentrations during the winter/spring period and surface waters depleted in
nutrients from May through July.

Thefirst three surveys of 1999 (February through March) were conducted prior to the onset of
stratification. The water column was well mixed and relatively high concentrations of nutrients were
measured. Nutrient concentrations generally decreased from February to March coincident with
increasing chlorophyll concentrations and elevated primary production rates. The high nearfield
chlorophyll concentrations observed during the winter of 1998 had remained elevated into the
winter/spring period of 1999. Primary production at the nearfield stations was relatively high during this
period reaching values of >2000 mg C m? d*, which is comparable to winter/spring blooms observed
during previous baseline monitoring years. The phytoplankton community was a mixed assemblage
dominated by microflagellates and chain forming centric diatoms. The pennate diatom, Pseudo-nitzschia
pungens, which includes both non-toxic P. pungens and domoic-acid-producing P. multiseries, was
observed throughout Massachusetts Bay in early February.

In April, the onset of gtratification was observed at the deeper nearfield, offshore and boundary stations.
The shallow Harbor, coastal and Cape Cod Bay stations, however, remained well mixed. In early April,
nutrient concentrations at the boundary and northern offshore area stations were relatively high and
comparable to the values observed in late February. By mid-April and early May, nutrient concentrations
had decreased to low levelsin the nearfield and southern offshore area stations. The winter/spring bloom
reduced nutrient concentrations in the surface waters from February to April and with the onset of
stratification nutrient concentrations in the surface waters were depleted throughout much of the region by
late April/early May.

The high chlorophyll concentrations observed throughout the Bays during the first three surveys
continued to be present in April and reached maxima during this survey in the nearfield and offshore
areas. The mean chlorophyll concentration (5.08 pgL™) for winter/spring of 1999 was greater than any
previous winter/spring mean obtained for the nearfield during the baseline-monitoring period. It also
exceeded the chlorophyll threshold value (4.76 pgL™) that had been calculated as the 95™ percentile of the
baseline winter/spring distribution for 1992 to 1998. None of the other threshold values that have been
devel oped were exceeded during the first half of 1999.

By June, a strong density gradient was observed throughout the Bays except for Boston Harbor stations,
which remained homogeneous due to tidal mixing. The establishment of seasonal stratification led to
nutrient depleted conditions in the surface waters and ultimately to an increase in nutrient concentrations
in bottom waters due to the seasond increase in rates of respiration and remineralization of organic
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matter. Between the April and June surveys, there was a sharp decline in bottom water DO throughout
the Bays of 1-3 mgL ™. Thetrend of declining bottom water DO concentrations following the
establishment of stratification and the cessation of the winter-spring bloom istypical. Thelarge decline
that was observed, however, may be an indication that DO utilization may be occurring more rapidly and
achieve lower concentration in 1999 compared to previous baseline years.

Tota zooplankton abundance increased from February through June when extraordinary numbers of
zooplankton were observed in the nearfield and Boston Harbor. An astonishing maximum value of >500
x 10° animals m™® in Boston Harbor was the highest zooplankton abundance recorded for the entire 1992-
1999 baseline. Zooplankton assemblages during the first half of 1999 were comprised of typical taxa, but
levels of Acartia spp. were unusually low, possibly due to drought, and contributions of meroplankton
such as bivalve and gastropod veligers and polychaete larvae were unusualy high.
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1.0 INTRODUCTION

1.1  Program Overview

The Massachusetts Water Resources Authority (MWRA) has implemented along-term Harbor and
Ouitfall Monitoring (HOM) Program for Massachusetts and Cape Cod Bays. The objective of the
HOM Programisto (1) test for compliance with NPDES permit requirements; (2) test whether the
impact of the discharge on the environment is within the bounds projected by the SEIS; and (3) test
whether change within the system exceeds the Contingency Plan thresholds. A detailed description of
the monitoring and its rationaeis provided in the Effluent Outfall Monitoring Plan devel oped for the
baseline period and the post discharge monitoring plan (MWRA, 1997a).

To help establish the present water quality conditions with respect to nutrients, water properties,
phytoplankton and zooplankton, and water-column respiration and productivity, the MWRA conducts
baseline water quality surveysin Massachusetts and Cape Cod Bays. The surveys have been
designed to evaluate water quality on both a high-frequency basisfor alimited area (nearfield) and a
low-frequency basis for an extended area (farfield). The nearfield stations are located in the vicinity
of the outfall site (Figure 1-1) and the farfield stations are |ocated throughout Boston Harbor,
Massachusetts Bay, and Cape Cod Bay (Figure 1-2). The stations for the farfield surveys have been
further separated into regional groupings according to geographic location to simplify regional data
comparisons. This semi-annual report summarizes water column monitoring results for the nine
surveys conducted from February through July 1999 (Table 1-1).

Table 1-1. Water Quality Surveysfor WF991-WN999 February to July 1999

Survey # Type of Survey Survey Dates
WF991 Nearfield/Farfield February 2 - 8
WF992 Nearfield/Farfield February 23 — 28
WN993 Nearfield March 20
WF994 Nearfield/Farfield April 1—May 62
WN995 Nearfield April 29° & May 5
WN996 Nearfield May 12
WF997 Nearfield/Farfield June 14 — 19
WN998 Nearfield Jduly 7
WN999 Nearfield July 20

2Due to severe weather, the WF994 survey was completed over the course of six daysin April and May — nearfield
samples were collected April 11" and farfield samples were collected April 1, 6, 11, 26, and May 6.
® productivity samples were collected on April 29 prior to postponement of survey due to weather conditions.

Initial data summaries, along with specific field information, are available in individual survey reports
submitted immediately following each survey. In addition, nutrient data reports (including calibration
information, sensor and water chemistry data), plankton data reports, and productivity and respiration
data reports are each submitted five times annually. Raw data summarized within this or any of the
other reports are available from MWRA in hard copy and el ectronic formats.

1.2 Organization of the Semi-Annual Report

The scope of the semi-annual report is focused primarily towards providing an initial compilation of
the water column data collected during the reporting period. Secondarily, integrated physical and
biological results are discussed for key water column events and potential areas for expanded

1-1
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discussion in the annual water column report are recommended. The report first provides a summary
of the survey and laboratory methods (Section 2). The bulk of the report, as discussed in further
detail below, presents results of water column data from the first nine surveys of 1999 (Sections 3-5).
Finally, the mgjor findings of the semi-annual period are summarized in Section 6.

Section 3 data are provided in data summary tables. The summary tablesinclude the major numeric
results of water column surveysin the semi-annual period by survey. A description of data selection,
integration information, and summary statistics are included with that section.

Sections 4 (Results of Water Column Measurements) and 5 (Productivity, Respiration, and Plankton
Results) include preliminary interpretation of the data with selected graphic representations of the
horizontal and vertical distribution of water column parametersin both the farfield and nearfield. The
horizontal distribution of physical parametersis presented through regiona contour plots. The
vertical distribution of water column parameters is presented using time-series plots of averaged
surface and bottom water column parameters and along vertical transectsin the survey area

(Figure 1-3). Thetime-series plots utilize average values of the surface water sample (the “A” depth,
as described in Section 3), and the bottom water collection depth (the“E” depth). Examining data
trends along four farfield transects (Boston-Nearfield, Cohassett, Marshfield and Nearfield-
Marshfield), and one nearfield transect, allows three-dimensional analysis of water column conditions
during each survey. One offshore transect (Boundary) enables analysis of results in the outer most
boundary of the survey area during farfield surveys.

Results of water column physical, nutrient, chlorophyll, and dissolved oxygen data are provided in
Section 4. Survey results were organized according to the physical characteristics of the water
column during the semi-annual period. Thetiming of water column vertical stratification, and the
physical and biologica status of the water column during stratification, significantly effects the
temporal response of the water quality parameters, which provide a major focus for ng effects
of the outfall. This report describes the horizontal and vertical characterization of the water column
during pre-stratification stage (WF991 — WN993), and then further delineates processes occurring
during the early stratification stage (WF994 —WN999). Time-series data are provided for the entire
semi-annual period for clarity and context of the data presentation.

Productivity, respiration, and plankton measurements, along with corresponding discussion of
chlorophyll and dissolved oxygen results, are provided in Section 5. Discussion of the biological
processes and trends during the semi-annual period isincluded in this section. A summary of the
major water column events and unusual features of the semi-annual period is presented in Section 6.
References are provided in Section 7.
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2.0 METHODS

This section describes general methods of data collection and sampling for the first nine water column
monitoring surveys of 1999. Section 2.1 describes data collection methods, including survey dates,
sampling platforms, and analyses performed. Section 2.2 describes the sampling schema undertaken,
and Section 2.3 details specific operations for the first 1999 semi-annual period. Specific details of
field sampling and analytical procedures, laboratory sample processing and analysis, sample handling
and custody, cdibration and preventative maintenance, documentation, data evaluation, and data
quality procedures are discussed in the Water Quality Monitoring CW/QAPP (Albro et al., 1998).
Details on productivity sampling procedures and anaytical methods are also availablein Appendix A.

2.1 Data Collection

Thefarfield and nearfield water quality surveysfor 1999 represent a continuation of the baseline
water quality monitoring conducted from 1992 — 1998. The monitoring program has been improved
over the years as more data have been collected and evaluated. In 1998, two Cape Cod Bay stations
(F32 and F33) were added to better capture the winter/spring variability in zooplankton abundance
and species in these Right whale feeding grounds. During the first three farfield surveys of 1999,
these two stations were again sampled for zooplankton and hydrographic (CTD) properties.

Water quality datafor this report were collected from the sampling platforms R/V Aquamonitor, F/V
Isabel S, and F/V Christopher Andrew. Continuous vertical profiles of the water column and discrete
water samples were collected using a CTD/Go-Flo Bottle Rosette system. This systemincludesa
deck unit to control the system, display in situ data, and store the data, and an underwater unit
comprised of several environmental sensors, including conductivity, temperature, depth, dissolved
oxygen, transmissometry, irradiance, and fluorescence. These measurements were obtained at each
station by deploying the CTD; in general, one cast was made at each station. Water column profile
data were collected during the downcast, and water samples were collected during the upcast by
closing the Go-Flo bottles at selected depths, as discussed bel ow.

Water samples were collected at five depths at each station, except at stations F30, F31, F32, and F33.
Stations F30 and F31 are shallow and require only three depths while only zooplankton samples are
collected at F32 and F33. These depths were selected during CTD deployment based on positions
relative to the pycnocline or subsurface chlorophyll maximum. The bottom depth (within 5 meters of
the seafloor) and the surface depth (within 3 meters of the water surface) of each cast remained
constant and the mid-bottom, middle and mid-surface depths were selected to represent any
variability in the water column. In general, the selected middle depth corresponded with the
chlorophyll maximum and or pycnocline. When the chlorophyll maximum occurred significantly
below or above the middle depth, the mid-bottom or mid-surface sampling event was substituted with
the mid-depth sampling event and the “mid-depth” sample was collected within the maximum. In
essence, the “mid-depth” sample in these instances was not collected from the middle depth, but
shallower or deeper in the water column in order to capture the chlorophyll maximum layer. These
nomenclature semantics result from a combination of field logistics and scientific relevance. In the
field, the switching of the “mid-depth” sample with the mid-surface or mid-bottom was transparent to
everyone except the NAV SAM operator who observed the subsurface chlorophyll structure and
marked the events. The samples were processed in a consistent manner and a more comprehensive
set of analyses were conducted for the surface, mid-depth/chlorophyll maximum, and bottom
samples.

Samples from each depth at each station were collected by subsampling from the Go-Flo bottlesinto
the appropriate sample container. Analyses performed on the water samples are summarized in

2-1
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Table 2-1. Samplesfor dissolved inorganic nutrients (DIN), dissolved organic carbon (DOC), total
dissolved nitrogen (TDN) and phosphorus (TDP), particul ate organic carbon (POC) and nitrogen
(PON), biogenic silica, particul ate phosphorus (PP), chlorophyll a and phaeopigments, total
suspended solids (TSS), urea, and phytoplankton (screened and rapid assessment) were filtered and
preserved immediately after obtaining water from the appropriate Go-Flo bottles. Whole water
phytoplankton samples (unfiltered) were obtained directly from the Go-Flo bottles and immediately
preserved. Zooplankton samples were obtained by deploying a zooplankton net overboard and
making an ablique tow of the upper two-thirds of the water column but with a maximum tow depth of
30 meters. Productivity samples were collected from the Go-Flo bottles, stored on ice and transferred
to University of Rhode Island (URI) employees. Incubation was started no more that six hours after
initial water collection at URI’ s laboratory. Respiration samples were collected from the Go-Flo
bottles at four stations (F19, F23, NO4, and N18). Incubations of the dark bottles were started within
30 minutes of sample collection. The dark bottle samples were maintained at atemperature within
2°C of the collection temperature for five to seven days until analysis.

2.2 Sampling Schema

A synopsis of the sampling schema for the analyses described above is outlined in Tables 2-1, 2-2,
and 2-3. Station designations were assigned according to the type of analyses performed at that
station (see Table 2-1). Productivity and respiration anayses were also conducted at certain stations
and represented by the letters P and R, respectively. Table 2-1 lists the different anayses performed
at each station. Tables 2-2 (nearfield stations) and 2-3 (farfield stations) provide the station name and
type, and show the analyses performed at each depth. Station N16 is considered both a nearfield
station (where it is designated astype A) and afarfield station (where it is designated a type D).
Stations F32 and F33 are occupied during thefirst three farfield surveys of each year and collect
zooplankton samples and hydrocast data only (designated as type Z).

Table2-1. Station Typesand Numbers (Five Depths Collected
Unless Otherwise Noted)

Station Type A |D|E |F |G'|P |[R |Z
Number of Stations 5 8 |26 |3 2 3 |4 |2
Analysis Type

Dissolved inorganic nutrients . . . . . o

(NH4, NOg, NOz, PO4, and S|O4)

Other nutrients (DOC, TDN, TDP, PC, PN, PP, o | . .

Biogenic Si)*

Chlorophyll * e | .« e

Total suspended solids* o | o« e

Dissolved oxygen . . . . .
Phytoplankton, urea” . e e
Zooplankton® . e e .
Respiration e |
Productivity, DIN o

!Samples collected at three depths (bottom, mid-depth, and surface)
2Samples collected at two depths (mid-depth and surface)
3Samples collected at the surface
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2.3 Operations Summary

Changes in the 1999 sampling schema from prior monitoring years included the addition of the two
new zooplankton stations started in 1998 in Cape Cod Bay. The stations were sampled during the
first three farfield surveys (WF991, WF992, and WF994). Field operations for water column
sampling and analysis during the first semi-annual period were conducted as described above.
Deviations from the CW/QAPP for nearfield surveys WN993, WN996, and WF997 had no effect on
the data. Principal deviations for surveys WF991, WF992, WF994, WN995, WN998, and WN999
are described below. For additional information about a specific survey, the individual survey reports
may be consulted.

During the farfield/nearfield survey in early February (WF991), the respiration samples were alowed
toriseto 20° C over atwo-day period after being returned to the laboratory. The temperature was
corrected upon discovery and the incubation finished. Date are qualified as suspect.

Mid-surface water was not collected at stations FO1 and F25 during farfield/nearfield survey WF992
due to Go-Flo bottle problems brought on by the freezing weather.

Due to weather and el ectronic equipment problems, it took 36 days to complete the farfield/nearfield
survey in April (WF994). The Nearfield samples were collected on two separate days (April 7" and
April 11™). Productivity samples were collected and analyzed from the April 7" cruise but were not
re-sampled on April 11™.

Due to weather problems, the nearfield survey WN995 was started April 29™ and finished on May 6™.
Productivity samples were collected and analyzed from the April 29" cruise. All parameters except
productivity were sampled on May 6".

No primary productivity was collected from the bottom depth at station N18 for the nearfield survey
WN998 due to a misfired Go-Flo bottle.

During the WN999 survey in July, the primary productivity samples were filtered through the 102-
pm mesh zooplankton net due to the absence of the 300-pum mesh filtration funnel. Additional whole
water sample was collected from the chlorophyll maximum depth to be used as a reference for the
102-pum mesh filtered sample.
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Table 2-3. Farfiedd Water Column Sampling Plan (3 Pages)
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Farfield Water Column Sampling Plan
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3.0 DATA SUMMARY PRESENTATION

Data from each survey were compiled from the find HOM Program 1999 database and organized to
facilitate regional comparisons between surveys, and to allow a quick evaluation of results for
evaluating monitoring thresholds (Table 3-1 Method Detection Limits, Survey Data Tables 3-2
through 3-10). Each table provides summary data from one survey. A discussion of which
parameters were selected, how the data were grouped and integrated, and the assumptions behind the
calculation of statistical values (average, minimum, and maximum), is provided below. Individual
data summarized in this report are available from MWRA either in hard copy or e ectronic format.

The spatia pattern of data summary follows the sample design over major geographic areas of

interest in Massachusetts Bay, Cape Cod Bay, and Boston Harbor (Section 3.1). Compilation of data
both horizontally by region and vertically over the entire water column was conducted to provide an
efficient way of assessing the status of the regions during a particular survey. Maximum and
minimum values are provided because of the need to assess extremes of pre-outfall conditions relative
to criteria being devel oped for contingency planning purposes (MWRA, 1997b).

Regional compilations of nutrient and biological water column data were conducted first by averaging
individual laboratory replicates, followed by field duplicates, and then by station visit within asurvey.
Prior to regional compilation of the sensor data, the results were averaged by station visit. Significant
figures for average values were selected based on precision of the specific data set. Detailed
considerations for individual data sets are provided in the sections below.

3.1 Defined Geographic Areas

The primary partitioning of datais between the nearfield and farfield stations (Figures 1-1 and 1-2).
Farfield data were additionally segmented into five geographic areas: stations in Boston Harbor (F23,
F30, and F31), coastd stations (FO5, F13, F14, F18, F24, F25), offshore stations (FO6, FO7, F10, F15,
F16, F17, F19, and F22), boundary region stations (F12, F26, F27, F28, F29), and Cape Cod Bay
stations (FO1, FO2, and FO3; and F32 and F33 as appropriate). These regions are shown in Figure 1-2.

The data summary tables include data derived from all of the station data collected in each region.
Average, maximum, and minimum values are reported from the cumulative horizontal and vertical
dataset as described for each data type below.

3.2 Sensor Data

Six CTD profile parameters provided in the data summary tables include temperature, sainity,
density (o), fluorescence (chlorophyll &), transmissivity, and dissolved oxygen (DO) concentration.
Statistical parameters (maximum, minimum, and average) were calculated from the sensor readings
collected at five depths through the water column (defined as A-E). These depths were sampled on
the upcast of the hydrographic profile. The five depth values, rather than the entire set of profile data,
were selected to reduce the statistical weighting of deep-water data at the offshore and boundary
stations. Generally, the samples were collected in an even depth-distributed pattern. The mid-depth
sample (C) was typically located at the subsurface fluorescence (chlorophyll) peak in the water
column, depending on the relative depth of the chlorophyll maximum. Details of the collection,
calibration, and processing of CTD data are available in the Water Column Monitoring CW/QAPP
(Albro et al., 1998), and are summarized in Section 2.
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Following standard oceanographic practice, patterns of variability in water density are described
using the derived parameter sigma-t (o), which is calculated by subtracting 1,000 kg/m? from the
recorded density. During this semi-annual period, density varied from 1021.9 to 1025.9, meaning o
varied from 21.9to 25.9.

Fluorescence data were calibrated using concomitant extracted chlorophyll a data from discrete water
samples collected at a subset of the stations (see CW/QAPP or Tables 2-1, 2-2, 2-3). The calibrated
fluorescence sensor values were used for al discussions of chlorophyll in thisreport. The
concentrations of phaeopigments are included in the summary data tables as part of the nutrient
parameters.

In addition to DO concentration, the derived percent saturation was also provided. Percent saturation
was calculated prior to averaging station visits from the potential saturation value of the water (a
function of the physical properties of the water) and the calibrated DO concentration (see
CWI/QAPP).

Finally, the derived beam attenuation coefficient from the transmissometer (*transmittance’) was
provided on the summary tables. Beam attenuation is cal culated from the natural logarithm of the
ratio of light transmission relative to the initial light incidence, over the transmissometer path length,
and is provided in units of m™.

3.3 Nutrients

Analytical results for dissolved and particulate nutrient concentrations were extracted from the HOM
database, and include: ammonia (NHy), nitrite (NO,), nitrate + nitrite (NOs+NO,), phosphate (PO,),
silicate (SiO,), biogenic silica (BSl), dissolved and particulate organic carbon (DOC and POC), total
dissolved and particulate organic nitrogen (TDN and PON), total dissolved and particulate
phosphorous (TDP and PP), and urea. Total suspended solids (TSS) data are provided as a baseline
for total particulate matter in the water column. Dissolved inorganic nutrients (NH,4, NO,, Nos+NO,,
PO,, and SiO,) were measured from water samples collected from each of the five (A-E) depths
during CTD casts. The dissolved organic and particul ate constituents were measured from water
samples collected from the surface (A), mid-depth (C), and bottom (E) sampling depths (see Tables 2-
1, 2-2, and 2-3 for specific sampling depths and stations).

3.4 Biological Water Column Parameters

Four productivity parameters have been presented in the data summary tables. Area production,
which is determined by integrating the measured productivity over the photic zone, and chlorophyll-
specific area production isincluded for the productivity stations (F23 representing the Harbor, and
NO4 and N18, representing the nearfield). Because areal production is aready depth-integrated,
averages were calculated only among productivity stations for the two regions sampled. The derived
parameters a (gC[gChla] *h [uEm?s"]™) and Pmax (gC[gChla] *h™") are dso included. The
productivity parameters are discussed in detail in Appendix A.

Respiration rates were averaged over the respiration stations (the same Harbor and nearfield stations
as productivity, and additionally one offshore station [F19]), and over the three water column depths
sampled (surface, mid- and bottom). The respiration samples were collected concurrently with the
productivity samples. Detailed methods of sample collection, processing, and analysis are available
in the CW/QAPP (Albro et al., 1998).
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3.5 Plankton

Plankton results were extracted from the HOM database and include whole water phytoplankton,
screened phytoplankton, and zooplankton. Phytoplankton samples were collected for whole-water
and screened measurements during the water column CTD casts at the surface (A) and mid-depth (C)
sampling events. Asdiscussed in Section 2.1, when a subsurface chlorophyll maximum is observed,
the mid-depth sampling event is associated with this layer. The screened phytoplankton samples were
filtered through 20-pum Nitrex mesh to retain and concentrate larger dinoflagellate species.
Zooplankton samples were collected by oblique tows using a 102-pm mesh at all plankton stations.
Detailed methods of sample collection, processing, and analysis are available in the CW/QAPP
(Albro et al., 1998).

Final plankton values were derived from each station by first averaging analytical replicates, then
averaging station visits. Regional results were summarized for total phytoplankton, total centric
diatoms, nuisance algae (Alexandrium tamarense, Phaeocystis pouchetii, and Pseudo-nitzschia
pungens), and total zooplankton (Tables 3-2 through 3-10).

Resultsfor total phytoplankton and centric diatoms reported in Tables 3-1 through 3-10 are restricted
to whole water surface samples. Results of the nuisance species Phaeocystis pouchetii and Pseudo-
nitzschia pungens include the maximum of both whole water and screened analyses, at both the
surface and mid-depth. Although the size and shape of both taxa might allow them to pass through
the Nitex screen, both have colonial forms that in low densities might be overlooked in the whole-
water samples. For Alexandrium tamarense, only the screened samples were reported.

3.6 Additional Data

Two additional data sources were utilized during interpretation of HOM Program semi-annual water
column data. Temperature and chlorophyll a satellite images collected near survey dates were
preliminarily interpreted for evidence of surface water events, including intrusions of surface water
masses from the Gulf of Maine and upwelling (Appendix 1). U.S. Geological Service continuous
temperature and salinity data were collected from a mooring located between nearfield stations N21
and N18 (Figure 1-1). Hourly temperature and salinity data from the mid-depth (~20 m below
surface) and near-bottom (1 m above bottom) are plotted in Figure 3-1. Chlorophyll a datafrom the
MWRA Wetlab sensor mounted at mid-depth (~20 m below surface) on the nearfield USGS mooring
are plotted in Figure 3-2.
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Table 3-1. Method Detection Limits

Analysis MDL
Dissolved ammonia (NHy) 0.02 uM
Dissolved inorganic nitrate (NOs) 0.01 uM
Dissolved inorganic nitrite (NO,) 0.01 pyM
Dissolved inorganic phosphorus (PO,) 0.01 pM
Dissolved inorganic silicate (SIOy) 0.02 uM
Dissolved organic carbon (DOC) 20 uM
Total dissolved nitrogen (TDN) 1.43 uM
Total dissolved phosphorus (TDP) 0.04 uM
Particulate carbon (POC) 5.27 uM
Particulate nitrogen (PON) 0.75 uM
Particulate phosphorus (PARTP) 0.04 uM
Biogenic silica (BIOSI) 0.32 uM
Urea 0.2 uM
Chlorophyll a and phaeophytin (EDL) 0.036 ug L™
Total suspended solids (TSS) 0.1mgL™




Table 3-2. Combined Farfield/Nearfield Survey WF991 (Feb 99) Data Summary

Farfield
Region Boundary Cape Cod Bay Coastal
Parameter ’Unit Min ’Max |Avg Min ’Max ’Avg Min Max Avg
In Situ
Temperature C 3.63 4.97 4.17 2.74 331 3.00 291 343 3.10
Salinity PSU 32.0 32.8 32.3 304 317 313 30.2 317 311
Sigma_T 25.4 25.9 25.6 24.2 25.2 24.9 24.1 25.2 24.7
Beam Attenuation m-1 0.65 117 0.82 0.92 141 1.10 1.08 2.01 157
DO Concentration mg/L 9.49 11.08 10.30 10.81 11.50 11.08 10.86 11.82 11.18
DO Saturation PCT 92.1 104.3 97.9 98.8 106.4 101.6 99.1 109.5 102.6
Fluorescence ug/L 0.41 22.08 6.06 3.03 7.07 5.88 0.02 10.04 421
Chlorophyll a ug/L 124 261 1.97 0.32 451 2.05 0.77 3.79 1.86
Phaeopigment ug/L 0.51 0.78 0.64 0.22 1.16 0.70 0.48 1.24 0.82
Nutrients
NH4 uM 0.45 1.63 0.73 0.17 3.16 1.87 0.37 11.68 4.22
NO2 uM 0.14 0.25 0.20 0.05 0.35 0.22 0.26 0.51 0.35
NO2+NO3 um 3.20 10.26 7.70 0.39 8.81 5.43 6.94 11.77 9.03
PO4 um 0.86 122 1.04 0.65 1.16 0.94 0.82 1.36 1.10
SIo4 uM 2.08 8.62 5.38 115 6.98 4.75 3.74 10.68 6.84
BIOSI um 2.40 3.30 297 2.50 4.60 3.47 0.90 6.00 3.83
DOC um 141.9 160.0 152.0 138.7 2255 171.2 158.7 419.5 241.1
PPO4 um 0.10 011 0.10 011 0.26 0.19 0.20 0.40 0.28
POC um 13.80 21.80 17.17 21.40 68.50 33.92 18.30 35.50 24.33
PON um 2.06 3.04 2.46 2.69 16.40 6.02 2.49 4.88 3.66
TDN um 18.1 18.9 185 9.9 23.2 16.8 19.9 31.9 26.7
TDP um 1.15 1.20 1.18 0.61 1.15 0.90 112 1.40 1.24
TSS 1.99 3.00 2.61 1.87 5.78 3.86 2.86 6.12 4.84
Urea um 0.10 0.20 0.15 0.10 0.40 0.23 0.10 1.00 0.45
Productivity
Alpha ALPHA
Pmax mgCm-3h-1
Areal Production mgCm-2d-1
Chlorophyll Specific Areal Production mgC(mg Chla)-1m-2d-1
Respiration uM/hr
Plankton
Total Phytoplankton E6CELLS/L 0.526 0.540 0.719 1.180 0.455 0.755
Centric diatoms E6CELLS/L 0.106 0.130 0.229 0.669 0.049 0.307
Alexandrium tamarense CELLS/L ND ND ND ND ND ND
Phaeocystis pouchetiii CELLS/L ND ND ND ND ND ND
Psuedo-nitzschia pungens E6CELLS/L 0.130 0.181 0.008 0.077 0.012 0.187
Total Zooplankton ind/m3 14190.0 14190.0 10707.9 32332.7 9984.6 22899.6

ND — Not detected in sample

(666T AInc — Arenige4) 1oday BuLIoIUO | UWNOD BIRAA enuUR ILBS

666T 00100



9-¢

Table 3-2. Combined Farfield/Nearfield Survey WF991 (Feb 99) Data Summary (continued)

Nearfield
Region Harbor Offshore
Parameter I Unit Min Max Avg Min Max Avg Min Max Avg
In Situ
Temperature C 2.64 3.08 2.95 343 512 4.05 291 4.84 3.67|
Sdlinity PSU 294 31.0 30.4 31.0 326 31.9 314 325 31.9
Sigma_T 227 24.7 24.1 24.7 25.8 25.3 25.0 25.7 25.3
Beam Attenuation m-1 151 2.54 1.89 0.69 131 1.00 0.96 156 1.24)
DO Concentration mg/L 10.66 11.32 10.99 9.27 12.00 10.61 9.32 12.05 10.99
DO Saturation PCT 96.6 103.5 99.9 90.1 112.0 100.2 90.1 112.6 102.8
Fluorescence ug/L 0.16 0.16 0.16 0.05 5.60 1.97 0.05 8.84 4.56)
Chlorophyll a ug/L 0.45 2.03 1.16 234 4.03 3.45 0.66 7.04 3.63
Phaeopigment ug/L 0.37 1.08 0.66 0.31 0.99 0.77 0.20 1.69 0.9
Nutrients
NH4 um 5.86 1431 9.18 0.49 2.75 1.19 0.24 254 0.90
NO2 uMm 0.38 054 0.46 0.17 0.30 0.23 0.17 0.27 0.21
NO2+NO3 uM 8.89 14.06 10.74] 531 12.04 8.08 4.10 8.32 5.76
PO4 um 112 1.30 1.20 0.88 1.40 1.07] 0.73 115 0.85
SIo4 um 7.88 15.81 10.62 2.90 11.52 5.85 219 9.18 4.27
BIOSI uM 3.20 6.50 4.38 3.70 4.80 4.13 1.50 6.40 4.70,
DOC um 163.3 325.0 218.2 150.5 399.8 249.5 1336 393.5 209.2]
PPO4 uM 0.24 0.55 0.38 0.18 0.28 0.22 0.08 0.42 0.26
POC uMm 20.30 43.00 29.26) 20.30 23.70 21.47 7.66 37.40 26.05]
PON uM 3.06 6.09 4.26 3.35 3.82 3.56 1.22 6.10 4.29
TDN um 132 41.6 32.8 13.9 17.5 15.7 131 323 17.2]
TDP um 1.16 147 1.35 0.95 1.07 0.99 0.81 1.19 0.95
TSS 237 1321 6.15 293 457 3.78 219 6.27 3.69
Ureal uM 0.40 0.90 0.62 NA NA NA 0.10 0.20 0.15]
Productivity
Alphal ALPHA 0.03 0.06 0.05 0.02 0.15 0.10
Pmax mgCm-3h-1 4.66 9.15 7.17 0.24 19.09 11.50,
Areal Production mgCm-2d-1 242.80 242.80 242.80 730.40 1185.20 957.80
Chlorophyll Specific Areal Production|  mgC(mg Chla)-1m-2d-1 233.60 233.60 233.60 252.10 348.20 300.15
Respiration uM/hr NA NA NA NA NA NA
Plankton
Total Phytoplankton E6CELLS/L 0.378 0.926 0.372 0.377 0573 0.720
Centric diatoms]| E6CELLS/L 0.063 0.162 0.084 0.106 0.163 0.364
Alexandrium tamarense CELLSL ND ND ND ND ND ND
Phaeocystis pouchetiii CELLS/L ND ND ND ND ND ND
Psuedo-nitzschia pungens E6CELLS/L 0.034 0.076 0.054 0.054 0.029 0.160
Total Zooplankton ind/m3 4667.5 18739.6 22631.9 22631.9 19060.6 36813.8

ND — Not detected in sample
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Table 3-3. Combined Farfield/Nearfield Survey WF992 (Feb 99) Data Summary

Farfield
Region Boundary Cape Cod Bay Coastal
Parameter Unit Min | Max | Avg Min | Max | Avg Min Max Avg
In Situ
Temperature| C 245 4.45 352 237 293 2.68 2.08 2.79 2.55
Sdlinity PSU 31.2 326 321 30.6 316 31.0 30.8 317 31.4
Sigma_T 24.9 259 255 24.4 25.2 24.7 24.6 25.3 25.0
Beam Attenuation m-1 0.74 1.25 0.93] 1.26 281 201 143 2.73 1.90
DO Concentration mg/L 9.60 12.16 11.07 11.23 11.78 11.52 11.58 12.82 12.09
DO Saturation PCT 92.0 110.8 103.3 101.8 107.2 104.5 104.4 116.8 109.6
Fluorescence ug/L 0.25 10.62 401 0.95 5.48 3.13 0.54 16.94 8.27
Chlorophyll a ug/L 3.04 455 3.73 1.39 6.78 3.92 251 16.12 6.34
Phaeopigment ug/L 0.68 1.16 0.94 0.42 2.09 1.23 0.92 3.56 1.56
Nutrients
NH4 uM 0.22 1.95 0.71 0.29 1.78 0.95 0.09 4.68 147
NO2 uM 0.11 0.20 0.16 0.02 0.18 0.10 0.01 0.27 0.11
NO2+NO3 uM 318 9.16 6.48 0.12 2.76 1.40 0.07 4.06 158
PO4 uM 0.60 1.23 0.89 0.49 0.87 0.65 0.36 0.79 0.57
SIO4 um 145 8.27 5.25 0.54 181 0.96 0.99 6.17 2.56
BIOSI um 4.00 5.20 4.60) 6.30 7.50 6.77 3.10 7.30 5.13
DOC uM 138.4 197.3 159.7 198.6 554.6 358.7] 1524 362.3 1934
PPO4 uM 0.17 0.29 0.22 0.20 0.38 0.28 0.34 0.84 0.55
POC uM 13.50 24.00 18.97 32.80 49.80 39.00 29.80 58.80 40.77
PON uM 251 3.89 3.35 4.56 7.64 6.19 4.64 9.29 6.73
TDN uMm 16.0 61.5 322 124 16.1 14.6 10.1 239 16.1
TDP| uM 0.83 1.26 1.05 0.56 0.84 0.68 0.50 0.96 0.74
TSS ug L-1 2.07 4.47 3.31 3.20 9.27 5.83 197 5.79 418
Ureal uM 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.20 0.18
Productivity
Alphal ALPHA
Pmax mgCm-3h-1
Areal Production mgCm-2d-1
Chlorophyll Specific Areal Production| mgC(mg Chla)-1m-2d-1
Respiration uM/hr
Plankton
Total Phytoplankton E6CELLS/L 0.94 129 145 153 1.07 253
Centric diatoms]| E6CELLS/L 057 0.94 0.90 1.08 0.69 2.00
Alexandrium tamarense CELLSL ND ND ND ND ND ND
Phaeocystis pouchetiii CELLS/L ND ND ND ND ND ND
Psuedo-nitzschia pungens| E6CELLS/L 0.009 0.057 0.021 0.094 0.015 0.046
Total Zooplankton ind/m3 34354.2 34354.2 12408.9 27458.1 41633.7 67712.0

ND — Not detected in sample
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Table 3-3. Combined Farfield/Nearfield Survey WF992 (Feb 99) Data Summary (continued)

Nearfield
Region Harbor Offshore
Parameter | Unit Min Max Avg Min | Max | Avg Min Max Avg
In Situ
Temperature C 2.08 2.28 2.18 2.62 4.55 3.40 213 3.70 2.98
Salinity PSU 30.1 313 30.7] 314 32.6 32.0 30.9 32.2 31.8
Sigma_T 24.1 25.0 245 25.0 25.8 255 24.7 25.6 25.3
Beam Attenuation m-1 1.96 7.13 4.66) 0.76 1.59 1.09 1.04 3.22 1.67
DO Concentration mg/L 11.54 11.72 11.62 8.94 12.32 11.20] 10.38 12.09 11.59
DO Saturation PCT 103.3 105.1 103.9 85.7 1131 104.1 97.4 1115 106.5
Fluorescence ug/L 0.07 5.84 2.82 0.18 12.92 4.16 0.01 10.29 6.17
Chlorophyll a| ug/L 175 843 4.13 271 4.25 3.67 122 8.49 5.06
Phaeopigment ug/L 0.71 7.07 2.92 0.63 0.91 0.80, 0.38 3.48 135
Nutrients
NH4 um 3.79 20.02 8.97 0.25 3.96 1.05 0.25 5.64 0.73
NO2 uM 0.01 0.31 0.13 0.05 0.21 0.13 0.06 0.22 0.14
NO2+NO3 uM 0.86 5.08 251 0.63 9.17 4.12 0.95 7.07 3.75
PO4 uM 0.57 112 0.81 0.47 1.32 0.81 0.48 1.10 0.74
SI04 uM 1.80 6.32 3.49 0.71 9.17 2.92 1.75 6.40 3.65
BIOSI um 4.40 19.30 10.23 2.70 3.10 2.90 4.30 10.10 6.76
DOC um 153.3 660.4 258.6 1554 216.0 176.3 131.6 2625 176.3
PPO4 um 0.51 148 0.87, 0.14 0.51 0.27 0.13 0.59 0.32
POC um 29.30 92.50 50.27 21.90 24.80 23.07 22.20 49.40 36.74
PON uMm 4.90 12.36 7.54] 3.78 451 4.14) 3.87 8.36 6.19
TDN uMm 14.5 40.8 26.7 124 15.7 14.6 121 25.0 16.3
TDP uMm 0.72 142 101 0.81 0.88 0.84 0.70 1.06 0.84
TSS| ugL-1 5.22 23.59 10.72 1.85 4.87 3.26 2.65 10.73 5.19
Urea| uM 0.20 0.30 0.23 0.10 0.30 0.20] 0.10 0.30 0.20
Productivity
Alpha ALPHA 0.15 0.19 0.17 0.13 0.31 0.22
Pmax mgCm-3h-1 18.59 23.10 21.03 13.43 3311 24.63
Areal Production mgCm-2d-1 783.30 783.30 783.30 1523.60 2148.60 1836.10
Chlorophyll Specific Areal Production| mgC(mg Chla)-1m-2d-1 240.10 240.10 240.10 483.50 497.30 490.40
Respiration uM/hr 0.10 0.17 0.13 0.04 0.07 0.05 0.07 0.11 0.09
Plankton
Total Phytoplankton E6CELLS/L 1.15 1.60 0.57 1.03 1.15 1.69
Centric diatoms E6CELLS/L 0.70 114 0.36 0.81 0.89 1.27
Alexandrium tamarense| CELLS/L ND ND ND ND ND ND
Phaeocystis pouchetiii CELLS/L ND ND ND ND ND ND
Psuedo-nitzschia pungens| E6CELLS/L 0.018 0.032 0.031 0.047 0.021 0.046
Total Zooplankton ind/m3 13029.7 21817.4 23395.0 23395.0 214.9 72343.3

ND — Not detected in sample
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Table 3-4. Nearfield Survey WF993 (Mar 99) Data Summary
Nearfield
Region
Parameter Unit Min Max Avg
In Situ
Temperature C 255 3.53 291
Salinity PSU 314 321 317
Sigma_T 25.0 255 25.2)
Beam Attenuation m-1 0.76 112 091
DO Concentration mg/L 10.38 11.91 11.39
DO Saturation PCT 96.1 110.0 104.4
Fluorescence ug/L 110 9.18 4.90
Chlorophyll a ug/L 0.34 6.49 244
Phaeopigment ug/L 0.08 0.90 0.44
Nutrients
NH4 um 0.18 2.74 0.63]
NO2 um 0.01 0.22 0.16]
NO2+NO3 um 3.93 9.25 6.20,
PO4 um 0.44 1.03 0.72
SIO4 uMm 3.60 10.39 6.02
BIOSI um 1.90 3.80 2.84
DOC um 142.7 406.0 201.5]
PPO4 um 0.09 0.33 0.23]
POC uMm 1.40 39.30 21.19
PON um 0.27 7.21 3.85
TDN um 121 314 185
TDP um 0.82 134 0.99
TSS ug L-1 1.02 7.00 3.45
Urea| um 0.06 0.29 0.20
Productivity
Alpha ALPHA 0.021 0.080 0.042
Pmax mgCm-3h-1 1.38 6.65 419
Areal Production mgCm-2d-1 573.0 1124.1 848.6
Chlorophyll Specific Areal Production| mgC(mg Chla)-1m-2d-1 506.1 536.7 521.4
Respiration uM/hr 0.02 0.07 0.04
Plankton
Total Phytoplankton E6CELLS/L 1.04 133
Centric diatoms E6CELLS/L 0.75 1.02
Alexandrium tamarense CELLSL ND ND
Phaeocystis pouchetiii CELLS/L ND ND
Psuedo-nitzschia pungens E6CELLS/L 0.005 0.010
Total Zooplankton ind/m3 30381.0 32547.5

ND — Not detected in sample
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Table 3-5. Combined Farfield/Nearfield Survey WF994 (Apr 99) Data Summary

Farfield
Region Boundary Cape Cod Bay Coastal
Parameter Unit Min | Max I Avg Min I Max | Avg Min Max Avg
In Situ
Temperature| C 314 5.07 3.83 3.76 541 4.54 4,99 9.36 7.08]
Salinity PSU 29.6 326 317 311 317 31.4 30.2 30.7 304
Sigma_T 234 259 25.2 24.5 25.2 24.9 234 24.3 23.8]
Beam Attenuation m-1 0.55 143 0.79 1.24 1.70 1.36 0.56 1.83 1.20
DO Concentration mg/L 10.04 12.97 11.19 11.29 12.07 11.66 9.67 12.84 11.15
DO Saturation PCT 93.1 1238 105.1 105.8 114.7 1111 101.5 124.6 111.8,
Fluorescence| ug/L 0.27 7.86 1.78 1.37 10.29 6.34 0.02 11.15 4.55]
Chlorophyll & ug/L 0.66 241 1.48 3.59 9.70 6.10 2.05 10.88 5.93
Phaeopigment ug/L 0.27 0.75 0.42 0.22 1.40 0.74 0.59 1.64 1.09
Nutrients
NH4 um 0.06 1.94 0.76 254 2.69 2.62 0.14 4.48 1.77
NO2 uM 0.02 0.25 0.16 0.00 0.06 0.02 0.01 0.30 0.10
NO2+NO3 uM 0.30 12.13 7.82 0.01 0.25 0.08 0.02 493 1.35
PO4 um 0.26 1.13 0.87 0.14 0.36 0.24] 0.19 0.54 0.38]
SIo4 um 2.60 13.67 8.93 0.29 2.36 0.88 322 8.43 5.89
BIOSI um 1.80 2.00 1.93 0.70 6.60 4.30) 2.00 7.20 4.87|
DOC uM 165.8 382.1 243.6 153.1 416.6 258.7 177.0 380.9 269.1
PPO4 uM 0.06 021 0.14 0.28 0.42 0.38 0.23 0.79 0.45
POC uM 10.10 27.60 18.50 35.00 58.90 46.77, 22.60 53.00 39.22,
PON um 191 431 3.18 477 6.94 6.09 3.86 9.14 6.70]
TDN um 125 19.1 15.5 8.1 17.7 111 12.8 38.0 17.8
TDP| uMm 0.42 0.85 0.67 0.46 0.93 0.61 0.24 0.98 0.64
TSS ug L-1 NA NA NA NA NA NA NA NA NA
Ureq) uM 0.15 0.15 0.15 0.06 0.25 0.15 0.15 3.02 1.32
Productivity
Alpha ALPHA
Pmax mgCm-3h-1
Areal Production mgCm-2d-1
Chlorophyll Specific Areal Production| mgC(mg Chla)-1m-2d-1
Respiration uM/hr
Plankton
Total Phytoplankton E6CELLS/L 0.57 0.61 1.03 342 0.70 2.08
Centric diatoms| E6CELLS/L 0.03 0.08 0.44 271 0.20 1.10
Alexandrium tamarense CELLS/L ND ND ND ND ND ND
Phaeocystis pouchetiii CELLS/L ND ND ND ND ND ND
Psuedo-nitzschia pungens E6CELLS/L ND ND 0.00 0.01 0.00 0.01
Total Zooplankton ind/m3 16389.9 16389.9 5473.8 20050.9 11818.3 115340.7

NA — Not available dueto sampleloss  ND — Not detected in sample
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Table 3-5. Combined Farfield/Nearfield Survey WF994 (Apr 99) Data Summary (continued)

Nearfield
Region Harbor Offshore
Parameter | Unit Min Max I Avg Min I Max | Avg Min Max Avg
In Situ
Temperature C 5.77 6.60 6.20 3.09 8.85 5.43 318 6.94 4.82
Salinity PSU 28.3 30.5 29.9 30.2 325 31.2 30.3 321 31.0
Sigma_T 22.2 24.0 235 234 25.8 24.6 23.8 255 24.5
Beam Attenuation m-1 1.90 247 2.15 0.51 1.48 0.83 0.68 224 1.35]
DO Concentration mg/L 11.61 1241 12.05 9.80 12.71 10.84 10.07 13.47 11.96)
DO Saturation PCT 1134 1226 1184 90.6 120.9 105.4 935 131.8 114.6
Fluorescence ug/L 5.81 10.19 7.92 0.32 15.10 4.94 0.25 18.55 7.99
Chlorophyll a ug/L 1.70 13.37 9.42 0.11 0.89 0.44 0.63 13.75 6.15]
Phaeopigment ug/L 0.45 277 171 0.13 0.48 0.33 0.22 3.33 121
Nutrients
NH4 um 0.73 6.99 3.20 0.12 3.78 1.40 0.07 4.70 1.32
NO2 um 0.00 0.37 0.13 0.01 0.26 0.12 0.00 0.24 0.10
NO2+NO3 um 0.56 6.02 211 0.01 9.75 3.97 0.01 10.58 2.89
PO4 um 0.18 0.49 0.35 0.17 1.09 0.61 0.13 1.09 0.54
SIo4 uMm 1.10 3.72 1.92 354 16.01 8.94] 0.84 14.73 7.63
BIOSI um 7.20 8.80 7.98 0.50 1.20 0.80 0.60 8.00 3.63
DOC um 165.7 379.0 269.5 260.7 416.8 338.8 148.8 407.2 272.6]
PPO4 um 0.76 1.02 0.87 0.12 0.16 0.14 0.08 0.80 0.34
POC uMm 44.50 72.20 58.37| 12.70 20.20 16.17 12.30 96.70 47.10
PON um 6.86 12.14 10.06 2.32 3.97 2.94] 2.24 13.43 6.95]
TDN um 8.2 26.7 154 10.0 11.2 10.6 6.1 29.6 14.9
TDP uMm 0.21 0.86 0.54 0.52 0.55 0.54 0.34 1.27 0.75
TSS ug L-1 NA NA NA NA NA NA NA NA NA
Urea| um 0.06 0.71 0.34 0.01 0.34 0.18 0.15 0.34 0.25
Productivity
Alpha ALPHA 0.36 0.53 0.44] 0.09 0.22 0.16]
Pmax mgCm-3h-1 43.60 58.20 48.14 4.20 27.90 16.58
Areal Production mgCm-2d-1 2914.80 2914.80 2914.80 1646.60 2176.30 1911.45
Chlorophyll Specific Areal Production| mgC(mg Chla)-1m-2d-1 251.40 251.40 251.40 328.50 822.30 575.40
Respiration uM/hr NA NA NA 0.09 0.17 0.13 NA NA NA
Plankton
Total Phytoplankton E6CELLS/L 153 2.99 0.42 0.65 0.83 3.03
Centric diatoms E6CELLS/L 0.77 1.80 0.01 0.04 0.06 1.04
Alexandrium tamarense CELLS/L ND ND ND ND ND ND
Phaeocystis pouchetiii CELLS/L ND ND ND ND ND ND
Psuedo-nitzschia pungens E6CELLS/L ND ND ND ND ND ND
Total Zooplankton ind/m3 4075.3 14663.7 1959724 1959724 5832.0 112792.5

NA — Not available dueto sampleloss  ND — Not detected in sample
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Semiannual Water Column Monitoring Report (February — July 1999) October, 1999
Table 3-6. Nearfield Survey WF995 (May 99) Data Summary
Nearfield
Region
Parameter ’ Unit Min Max Avg
In Situ
Temperature C 4.08 9.49 7.04
Salinity PSU 30.2 321 30.8
Sigma_T 233 255 241
Beam Attenuation m-1 0.53 1.64 0.72
DO Concentration mg/L 8.74 1241 10.71
DO Saturation PCT 83.0 1234 108.1,
Fluorescence ug/L 0.17 8.48 115
Chlorophyll a ug/L 0.08 14.62 1.78
Phaeopigment ug/L 0.08 2.83 0.70
Nutrients
NH4 um 0.26 4.70 1.59
NO2 um 0.01 0.40 0.15
NO2+NO3 um 0.02 9.42 2.27
PO4 um 0.20 144 0.56
SI04 um 3.80 14.81 9.29
BIOSI um 0.50 340 1.61
DOC um 198.7 406.0 308.6)
PPO4 um 0.12 0.38 0.19
POC um 12.40 54.70 21.10
PON um 2.28 8.86 3.70,
TDN um 6.6 20.2 125
TDP uMm 0.48 117 0.61
TSS NA NA NA
Urea| um 0.11 0.43 0.21
Productivity
Alpha ALPHA 0.012 0.284 0.068
Pmax mgCm-3h-1 114 14.43 5.04
Areal Production mgCm-2d-1 254.4 736.8 495.6
Chlorophyll Specific Areal Production| mgC(mg Chla)-1m-2d- 511.1 828.2 669.7]
1
Respiration uM/hr 0.14 0.76 0.50
Plankton
Total Phytoplankton E6CELLS/L 0.33 0.63
Centric diatoms| E6CELLS/L 0.02 0.05
Alexandrium tamarense CELLSL ND ND
Phaeocystis pouchetiii CELLS/L ND ND
Psuedo-nitzschia pungens E6CELLS/L 0.003 0.003
Total Zooplankton ind/m3 73693.0 74107.5

NA — Data not available due to sample loss
ND — Not detected in sample
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Table 3-7. Nearfield Survey WN996 (M ay 99) Data Summary

Nearfield
Region
Parameter ‘ Unit Min ‘ Max ’ Avg
In Situ
Temperature C 3.87 12.46 8.35
Salinity PSU 30.1 320 309
Sigma_T 22.7 254 24.0
Beam Attenuation m-1 054 233 0.93
DO Concentration mg/L 9.18 12.20 10.53
DO Saturation PCT 86.7 136.7 109.7
Fluorescence ug/L 0.01 15.65 2.36
Chlorophyll a ug/L 0.03 13.97 2.95
Phaeopigment ug/L 0.11 2.04 0.82
Nutrients
NH4 um 0.14 4.03 1.13
NO2 um 0.01 0.29 0.09
NO2+NO3 um 0.01 8.26 1.58
PO4 um 0.01 1.12 0.43
SIO4 um 0.25 13.71 451
BIOSI um 1.30 5.90 3.20,
DOC um 159.0 307.2 230.5
PPO4 um 0.10 0.81 0.31
POC uMm 10.30 96.70 35.41]
PON um 1.90 9.36 4.68
TDN uM 5.16 16.11 9.68
TDP uM 0.24 1.15 0.57
TSS| ugL-1 NA NA NA
Urea| uM 0.18 0.60 0.40]
Productivity
Alphal ALPHA 0.00 0.07 0.04]
Pmax mgCm-3h-1 0.69 5.63 3.59
Areal Production mgCm-2d-1 813.1 960.8 887.0
Chlorophyll Specific Areal Production| mgC(mg Chla)-1m-2d-1 11145 1397.9 1256.2
Respiration uM/hr 0.18 0.35 0.25
Plankton
Total Phytoplankton E6CELLS/L 1.06 1.50
Centric diatoms E6CELLS/L 0.37 0.90
Alexandrium tamarense, CELLS/L ND ND
Phaeocystis pouchetiii CELLS/L ND ND
Psuedo-nitzschia pungens E6CELLS/L ND ND
Total Zooplankton ind/m3 116554.6 1234225

NA — Data not available due to sample loss
ND — Not detected in sample
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Table 3-8. Combined Farfield/Nearfield Survey WF997 (Jun 99) Data Summary

Farfield
Region Boundary Cape Cod Bay Coastal
Parameter | Unit Min |Max |Avg Min |Max |Avg Min |Max |Avg
In Situ
Temperature C 4.24 16.82 9.67 5.24 18.66 1131 8.38 15.78 13.33
Salinity PSU 31.2 323 317 30.9 319 31.4 31.2 317 31.4
Sigma_T 22.6 25.6 24.3 22.0 25.2 23.8 229 24.6 235
Beam Attenuation m-1 0.59 2.80 0.99 0.71 3.08 1.27 0.77 1.63 1.08
DO Concentration mg/L 8.65 10.89 9.40 7.34 10.15 8.60 8.07 9.23 8.69
DO Saturation PCT 82.6 115.7 101.2 714 107.2 96.1 87.6 110.6 101.0
Fluorescence] ug/L 0.13 10.94 3.60 0.43 1111 3.99 0.14 9.09 353
Chlorophyll a| ug/L 0.13 3.63 1.45 0.66 3.75 2.64 0.90 5.87 2.75
Phaeopigment ug/L 0.12 1.83 0.83] 0.17 145 1.01 1.07 2.25 1.69
Nutrients
NH4 um 0.33 6.95 215 0.36 3.90 1.58 0.21 9.13 2.07
NO2 um 0.03 0.38 0.19 0.01 0.46 0.13 0.02 0.36 0.16
NO2+NO3 um 0.04 10.16 3.19 0.02 5.09 1.40 0.08 2.16 0.98
PO4 um 0.17 1.29 0.64] 0.12 111 0.52 0.27 0.93 0.58
SIo4 um 1.00 12.33 4.20 1.22 16.25 6.32 2.67 7.66 5.27
BIOSI uM 0.10 3.30 1.20, 0.60 3.60 1.90, 0.90 3.20 2.04
DOC um 1455 196.1 178.7 165.9 236.0 201.3 1434 263.1 204.7,
PARTP um 0.09 0.33 0.18 0.15 0.38 0.26 0.19 0.74 0.35
POC uMm 13.92 42.25 25.42) 16.08 53.17 33.90 16.58 36.50 27.93
PON um 2.09 6.17 4.16 2.69 5.25 3.91 2.98 6.71 5.22
TDN um 11.7 239 15.9 101 19.7 13.8 121 28.1 19.5
TDP um 0.44 1.39 0.84 0.40 1.29 0.88 0.65 1.30 1.04
TSS NA NA NA NA NA NA NA NA NA
Urea um 054 0.59 057 0.45 0.72 0.58 0.45 0.80 0.57
Productivity
Alphal ALPHA
Pmax mgCm-3h-1
Areal Production mgCm-2d-1
Chlorophyll Specific Areal| mgC(mg Chla)-1m-2d-1
Production
Respiration uM/hr
Plankton
Total Phytoplankton E6CELLS/L 0.35 0.36 0.66 1.28 0.51 131
Centric diatoms| E6CELLS/L 0.003 0.004 0.058 0.518 0.016 0.150
Alexandrium tamarense CELLS/L ND ND ND ND ND ND
Phaeocystis pouchetiii CELLS/L ND ND ND ND ND ND
Psuedo-nitzschia pungens E6CELLS/L ND ND 0.0172 0.0172 0.0021| 0.0021
Total Zooplankton ind/m3 76692.2| 76692.2 1243849.8| 140174.2 94828.8| 368794.0

NA — Data not available due to sample loss

ND — Not detected in sample
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Table 3-8. Combined Farfield/Nearfield Survey WF997 (Jun 99) Data Summary (continued)

Nearfield
Region Harbor Offshore
Parameter Unit Min | Max | Avg Min | Max | Avg Min | Max | Avg
In Situ
Temperature C 14.04 16.39 15.12 4.30 16.61 9.75 5.63 17.09 11.22
Sdlinity PSU 30.5 313 31.1 31.2 323 317 31.2 32.0 31.6
Sigma_T 222 233 22.9 22.7 25.6 24.3 226 252 24.0
Beam Attenuation m-1 1.34 274 2.05 0.58 125 0.74 0.56 155 0.77
DO Concentration mg/L 7.97 851 8.16 821 10.64 9.12 8.14 10.05 9.12
DO Saturation PCT 95.9 101.1 98.2 79.9 1141 98.3 875 112.8 101.2
Fluorescence ug/L 454 19.95 8.96 0.29 12.55 4.15 0.00 11.96 292
Chlorophyll & ug/L 3.00 17.41 8.64 0.85 235 154 0.23 3.65 1.66
Phaeopigment ug/L 127 5.15 2.83 0.56 1.70 1.38 0.05 1.95 0.98
Nutrients
NH4 um 274 13.14 8.67| 0.17 6.58 1.39 0.08 5.43 1.18
NO2 um 0.23 0.46 0.36 0.02 123 021 0.01 0.45 0.15
NO2+NO3 uM 149 3.24 2.30 0.01 10.92 252 0.02 3.92 1.05
PO4 uM 0.69 114 0.96 0.27 125 0.67 0.04 0.93 0.49
SIo4 um 6.13 8.15 7.15 114 1331 434 0.79 9.11 381
BIOSI uMm 2.20 5.10 3.81 0.50 1.50 1.00, 0.10 2.30 0.84
DOC uM 151.3 240.5 1825 172.7 189.2 181.0] 118.3 326.7 187.0]
PARTP| uM 0.39 1.03 0.70 0.17 0.25 0.20 0.07 0.45 0.18
POC uM 31.58 74.67 51.62 14.17 24.25 19.72 6.55 32.67 19.42
PON uM 551 12.71 9.42 2381 4.39 3.42 141 5.96 3.71
TDN um 10.0 30.2 21.0 10.0 14.8 12.6 71 318 131
TDP| uM 0.42 153 1.14 0.84 1.04 0.96 0.42 154 0.82
TSS NA NA NA NA NA NA NA NA NA
Urea uM 0.45 3.88 1.11] 0.63 3.18 191 0.36 054 0.45
Productivity
Alphal ALPHA 0.138 0.248 0.202 0.013 0.065 0.035]
Pmax mgCm-3h-1 33.70 68.80 47.14 0.71 537 2.75
Areal Production mgCm-2d-1 2851.0 28510 2851.0 544.0 675.0 609.5]
Chlorophyll Specific Areal| mgC(mg Chla)-1m-2d-1 293.9 293.9 293.9 421.9 431.2 426.6
Production
Respiration uM/hr 0.13 0.26 0.20 0.03 0.22 0.10 0.03 0.11 0.08
Plankton
Total Phytoplankton E6CELLS/L 0.98 1.63 0.28 0.36 0.18 0.78
Centric diatoms E6CELLS/L 0.062 0.603 0.009 0.025 0.002 0.021
Alexandrium tamarense CELLSL ND ND ND ND ND ND
Phaeocystis pouchetiii CELLSL ND ND ND ND ND ND
Psuedo-nitzschia pungens E6CELLS/L 0.0015( 0.0015 ND ND ND ND
Total Zooplankton ind/m3 96000.0 518481.0 75100.2 75100.2 120523.9| 201240.3

NA — Data not available due to sample loss

ND — Not detected in sample
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Semiannual Water Column Monitoring Report (February — July 1999) October, 1999
Table 3-9. Nearfield Survey WF998 (Jul 99) Data Summary
Nearfield
Region
Parameter ‘ Unit Min Max Avg
In Situ
Temperature| C 5.92 17.84 9.94
Salinity PSU 30.9 320 318
Sigma_T 224 25.2 24.3
Beam Attenuation m-1 0.56 2.28 0.89
DO Concentration mg/L 7.74 11.05 9.12
DO Saturation PCT 784 136.5 98.9
Fluorescence ug/L 0.19 7.45 1.60]
Chlorophyll a ug/L 0.24 7.23 191
Phaeopigment ug/L 0.39 207 112
Nutrients
NH4 um 0.05 2.70 1.09
NO2 um 0.01 0.35 0.16
NO2+NO3 um 0.02 5.97 2.02
PO4 um 0.24 0.97 0.66
SI04 uMm 111 10.19 511
BIOSI um 0.10 3.70 1.05
DOC um 141.6 414.2 199.6
PARTP| um 0.08 0.82 0.28
POC uMm 9.00 72.10 30.53
PON um 131 8.86 4.40,
TDN um 84 19.7 117
TDP um 0.54 119 0.84]
TSS NA NA NA
Urea um 0.36 0.63 0.5075
Productivity
Alphal ALPHA 0.006 0.073 0.033
Pmax mgCm-3h-1 0.54 9.47 3.99
Areal Production mgCm-2d-1 937.6 1124.7 1031.2
Chlorophyll Specific Areal Production| mgC(mg Chla)-1m-2d-1 434.6 665.3 550.0
Respiration uM/hr 0.03 0.18 0.08
Plankton
Total Phytoplankton E6CELLS/L 0.34 0.95
Centric diatoms| E6CELLS/L 0.01 0.31
Alexandrium tamarense CELLSL ND ND
Phaeocystis pouchetiii CELLS/L ND ND
Psuedo-nitzschia pungens E6CELLS/L ND ND
Total Zooplankton ind/m3 46007.5 164778.4

NA — Data not available due to sample loss
ND — Not detected in sample
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Table 3-10. Nearfield Survey WN999 (Jul 99) Data Summary

Nearfield
Region
Parameter | Unit Min |Max |Avg
In Situ
Temperature| C 6.37 20.09 10.84
Sdlinity PSU 311 32.0 318
Sigma_T 219 252 24.2
Beam Attenuation m-1 0.57 2.01 0.93
DO Concentration mg/L 8.05 13.84 9.38
DO Saturation PCT 82.5 141.8 102.4]
Fluorescence ug/L 0.02 18.90 2.58
Chlorophyll a ug/L 0.19 10.02 2.59
Phaeopigment ug/L 0.14 1.33 0.65)
Nutrients
NH4 um 0.10 3.05 1.08
NO2 um 0.01 0.42 0.18
NO2+NO3 um 0.02 6.19 1.90
PO4 um 0.13 1.04 0.62
SIO4 uMm 0.62 16.31 4.55
BIOSI um 0.20 4.40 1.48
DOC um 137.7 3939 254.0
PARTP uM 0.09 0.90 0.34
POC um 7.88 112.00 36.41]
PON uM 131 9.57 4.62
TDN uM 9.5 30.4 153
TDP| uM 0.32 1.16 0.79
TSS NA NA NA
Urea| uMm 0.16 0.79 0.36
Productivity
Alpha] ALPHA 0.015 0.073 0.042
Pmax mgCm-3h-1 0.44 9.39 4.14
Areal Production mgCm-2d-1 1128.9 1219.1 1174.0
Chlorophyll Specific Areal Production| mgC(mg Chla)-1m-2d- 697.1 806.6 751.9
1
Respiration uM/hr 0.01 0.17 0.07
Plankton
Total Phytoplankton E6CELLS/L 0.18 0.81
Centric diatoms| E6CELLS/L 0.001 0.21
Alexandrium tamarense CELLSL ND ND
Phaeocystis pouchetiii CELLS/L ND ND
Psuedo-nitzschia pungens E6CELLS/L ND ND
Total Zooplankton ind/m3 78846.0 112640.0

NA — Data not available due to sample loss
ND — Not detected in sample
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Figure 3-1. USGS Temperature and Salinity M ooring Data from 20 Meters Below Surface
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4.0 RESULTS OF WATER COLUMN MEASUREMENTS

Data presented in this section are organized by type of data and survey. Physical data, including
temperature, salinity, density, and beam attenuation are presented in Section 4.1. Nutrients,
chlorophyll a, and dissolved oxygen are discussed in Section 4.2. Finally a summary of the major
results of water column measurements (excepting biological measurements) is provided in
Section 4.3.

Four of the nine surveys conducted during the semi-annual period were combined farfield/nearfield
surveys. Thefirst two combined surveysin early and late February (WF991 and WF992) were
conducted prior to stratification of the water column. The onset of stratification was observed during
the April combined survey (WF994) as shallow Harbor, coastal and Cape Cod Bay stations were still
well mixed and the deeper nearfield, offshore and boundary stations were stratified. The last
combined survey (WF997) was conducted in June and strong density gradient was observed
throughout the Bays except for Boston Harbor stations, which remained well mixed dueto tidal
flushing. Da