








dark period (due to respiration) or perhaps with a short time lag (Oviatt ef al., 1986; Sanford er al.,
1990; Breitburg 1990). Therefore, the strategy for cruise-track sampling should be devised so that
stations (or, more appropriately, the water masses therein) along the initial leg for the day are first
sampled at dawn and then are resampled at dusk. Differences between dawn and dusk might be used
to derive a measure of system productivity (cf., Oviatt er al., 1986); such information (dawn/dusk
deviations and system production) could be highly useful in forecasting short-term potential for oxy-
gen depletion and will provide feedback more rapidly than 14-C production studies (see below).

During summer stratified periods, a baseline site within the nearfield, but not in the mixing zone,
should be intensively monitored remotely by an in situ continuous DO sensor. A continuous sensor is
planned for Buoy B within the nearfield, where other current-meter studies and sediment-trap arrays
are positioned. Deployments should cover the summer stratified period at a minimum. Because
sensors provide reliable information over a limited period, deployments should be sequential, with
DO sensors switched out every 1 to 4 weeks (cf., Sanford 1990).

The overall nearfield strategy allows (1) detailed water-column profiling 16 times per year, with
highest frequency during summer as for nutrients, and (2) continuous high-resolution temporal moni-
toring of one site within the nearfield (buoy B) during the summer.

Expectations from DO monitoring. Midwater hypoxia from phytoplankton bloom events is possible
and would be detected by the cruise tracks as well as near-bottom hypoxia or anoxia in the nearfield.
With respect to each of these locations, the main season of concern is during stratification and at high
temperature, for under those conditions the potential magnitude of depletion is maximal and the po-
“tential onset the swiftest. Lowered oxygen may occur close to the diffuser, associated with oxygen
consumption due to particles and dissolved substances — the inner-track monitoring would easily
detect this. Lowered DO over wider scales would be closely associated with the decay of particles
(discharged from the outfall and from extra production caused by the outfall). Such events are most
probable in areas where particles accumulate, either in the water (e.g., a pycnocline) or in the bottom
sediments — outer-track monitoring, as well as additional plume studies and farfield monitoring (see
below) are designed to address these.

The scales of temporal variability are presently unknown, but at a fixed location DO variability is a
function of diffusive and advective (tidal and nontidal) processes as well as oxygen consumption
processes in water and underlying sediments. In general, lowest percent DO saturation levels may
occur at deeper stations that are not ventilated by water-column destratification until late in the fall.
Around the immediate outfall area, destratification appears to occur in September/October (cf., Kelly,
1991). The physical complexity at the proposed outfall site complicates predictability; nevertheless,
the various components of the monitoring design should provide adequate resolution to detect long-
term trends and describe the magnitude of oxygen depression at critical spatial and temporal scales.

In situ chlorephyll and extracted chlorophyll measurements. Primary production of the organic
matter biomass that forms the main energy basis for marine food chains is, in part, regulated by
nutrient levels. Nutrient enrichment is expected to cause a direct response by primary producers.
Aside from very shallow areas where the primary producers can include seagrasses and macroalgae,
the phytoplankton are the principal primary producers. Chlorophyll a in the water is the most com-
mon measure of phytoplankton biomass and can be measured by fluorescence techniques in situ (e.g.,
Townsend et al., 1990).

Chlorophyll concentrations in coastal waters usually vary with season and depth, and there also may
be some horizontal patchiness. Even with such variability, chlorophyll g, if measured at appropriate
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space and time scales, appears to be a responsive indicator of nutrient loading in many coastal areas
(Nixon and Pilson, 1983; Nixon ez al., 1986). Higher chlorophyll levels characteristically are seen at
higher nutrient loading and higher in situ nutrient concentrations, unless phytoplankton growth and
biomass accumulation are limited by light (turbidity) or controlled by animal grazing.

Historical records (pre-1989) of chlorophyll a concentrations in Massachusetts Bay were summarized
by Cura (1991), and a recent comprehensive survey (1989-1990) was reported by Townsend et al.
(1990). Chlorophyll a concentrations in the surface euphotic zone in the vicinity of the proposed
outfall site range mostly from about 1 to 8 mg/m® through the year, although surface values during
midsummer stratification can reach 13 mg/m*® (Townsend ef al., 1990). Massachusetts Bay data thus
reveal chlorophyll levels that are typical of coastal waters that are not highly nutrient-loaded (cf.,
Nixon and Pilson, 1983). It is reasonable to expect that an increase in chlorophyll could be stimulat-
ed by nutrient loading from the outfall and be detectable in the surrounding water. Kelly’s (1991)
summary of relationship between chlorophyll and nutrients in Massachusetts Bay and other coastal
areas provides an initial guide on the level of stimulation that might be expected given a nitrogen
concentration increase.

Sampling will occur via continuous in situ fluorometry (see Townsend et al., 1990, for common
oceanographic methods) at the locations and frequencies given for continuous horizontal profile sam-
pling and nutrient/hydrographic stations. Monitoring thus will encompass the entire water column,
which is well mixed for much of the year. Extracted chlorophyll samples collected on filters from
discrete water samples at the five biology/productivity stations will be analyzed for chlorophyll a and
phaeopigments for comparison to fluorometry data. Baseline studies will allow characterization of
spatial variability at a mesoscale surrounding the outfall. During baseline studies, the strategy also
will give adequate characterization of intra- and inter-annual variability surrounding the outfall. A
regional scale assessment via remote sensing of chlorophyll is planned (see Special Studies).

Expectations of chlorophyll monitoring. Chlorophyll increases may be expected to occur in direct
proportion to nutrient loading, with deviations possible if light or grazing alter the present relationship
(Kelly, 1991). The nutrient input rate, rate of physical dispersion, and vertical mixing/stratification
will determine the spatial scales at which a chlorophyll response will be detectable. Given the pro--
jected N loading at the outfall (EPA, 1988), detectable chlorophyll increases as far as the outer sam-
pling box around the outfall seem possible. Response of chlorophyll to the outfall discharge would be
expected within a short timeframe, and perhaps discernible within a year. Recent coastal and estuar-
ine studies suggest that depth-integrated annual mean chlorophyll concentrations are highly correlated
to nitrogen loading (J. Garber, personal communication). Moreover, annual mean chlorophyll values
are broadly correlated with annual mean DIN concentrations. To estimate annual means, sampling
needs to be done frequently throughout the year and at least every 2 weeks during summer. Through-
out an annual cycle, data from about 16 sampling surveys will provide excellent estimates of annual
means and seasonal variations.

Given current chlorophyll levels and the projected N loading, it is expected that changes close to the
outfall could easily be detected against the backdrop of seasonal variability. The strategy of collecting
data to enable good estimates of annual mean values is to provide maximum power for this discrimi-
nation at some distance from the outfall. Accumulation of chlorophyll a biomass can also be used as
a forecast indicator for low-oxygen events, which can be initiated by rapid decay of a large bloom of
phytoplankton.

Phytoplankton 14-C production measurements. To determine the production response of phyto-
plankton to possible nutrient enrichment in the nearfield, this will be measured at the five
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biology/hydrography stations six times per year. Standard oceanographic techniques for 14-C produc-
tivity will be used (e.g., Townsend er al., 1990). Normally, samples from two of the five depths
sampled for nutrients (e.g., at the surface and at a middepth chlorophyll maximum) will be used in
14-C incubations (following rationale and precedence of Townsend e al. [1990] for their Station 7,
just inshore of the outfall. A third sample near 1% incident light level depth may be processed in
some cases. It is expected that rapid shipboard incubation techniques using controlled irradiance
levels will be followed. The maximum 14-C incorporation rates (P_,) at 100% incident irradiance
will be determined, for these are the basis for many integral models of primary production. Determi-
nation of production as a function of light intensity may be accomplished using shipboard incubations
with a light intensity gradient; incubations would be done across irradiance levels corresponding to
sample depths determined by continuous hydrographic measurements at a given station.

The months chosen for these measurements are based primarily on the seasonal pattern of production
described by Cura (1991) for Massachusetts Bay and include once each during February, March,
April, June, August, and October. Sampling thus spans the productive seasons of the year and should
allow a rough estimate to be made of annual productivity for use in carbon budget calculations.

Expectation for 14-C production measurements. Production estimates are expected not to be more
sensitive to nutrient stimulation effects, but to provide an additional level of information relative to
nutrient, carbon, and oxygen dynamics in the nearfield area. Measurements will provide baseline
information on production rates through the main seasonal cycle and as a function of depth, and post-
discharge rates will be compared to these baseline studies. The power to detect change will be deter-
mined during baseline studies.

Studies at the five biology/productivity nearfield station subset could be wused to
develop/calibrate/verify appropriate models for extrapolation across space. For example, primary
production may be modeled, rather than measured, throughout the nearfield by calculating production
at stations where chlorophyll biomass and irradiance have been measured, by extrapolation from
production/biomass vs. irradiance relationships at the five select stations.

Phytoplankton species measurements. One of the possible biological responses to enrichment (or to
some other perturbation from the outfall) is a change in the species of phytoplankton. A concern
centers on an outfall-induced dominance by species classified as nuisance (e.g., surface scums or
“brown tides”) or noxious (e.g., organisms causing paralytic shellfish poisoning or “red tides”). An
additional concern is with shifts in the community structure that could radiate throughout the food
web and affect growth, distribution, or species composition of fish and shellfish communities. Thus,
the endpoint of phytoplankton species change is relevant to include in the monitoring program.

Species changes can occur fairly swiftly, and there is usually significant vertical and horizontal vari-
ability in phytoplankton species distribution over areas the size of Massachusetts Bay and in the area
immediate to the proposed outfall. Available historical records for phytoplankton species in Massa-
chusetts Bay are of limited utility, but they do not appear to suggest the presence of problem species
to the degree noted in other temperate coastal areas (Menzie-Cura, 1991).

Phytoplankton species analysis will be performed on samples taken at the selected biology/ productivi-
ty stations (5) in the nearfield. Samples will be taken at each of the six cruises planned within each
calendar year. Whole water samples will be taken in duplicate from all five depths sampled for nutri-
ents. Initially, only surface and one middepth (usually the chlorophyll maximum) will be processed
to identify taxa and enumerate individuals. Additionally, a single vertical net tow (25 um mesh)
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through the extent of the euphotic zone will be taken and the sample processed to identify less-com-
mon larger cells.

Expectations for phytoplankton species monitoring. Detection of problem species is a key objec-
tive; full taxonomic analysis and comparison of pre- and post-discharge conditions is a second objec-
tive. If certain species are seen in large numbers within the area of the outfall, additional spatial
coverage could be implemented as needed. Of note is that the Massachusetts Department of Health
currently conducts sampling for paralytic shellfish poisoning.

Within timeframes suitable for monitoring, it is possible to quantitatively characterize only a relatively
small number of stations. Given the analytical problem of adequate characterization and considerable
temporal and spatial variability for phytoplankton, one should not expect that phytoplankton species
monitoring will detect subtle community changes or ascribe their cause to the outfall. Nevertheless,
samples should be available for both baseline conditions and postdischarge conditions to provide a full
taxonomic comparison at selected points through the nearfield region. However, Cura (1991), among
others, points out that responses to nutrient enrichment generally are not subtle, but occur as major
blooms of a given species.

A change to overwhelming dominance of “undesirable” species should be detectable if it occurs at
stations within the sampling scheme. The stations were chosen to be at different distances and direc-
tions from the outfall; based on data analysis from the baseline period, the power to detect change
will be determined and sampling modifications will be made if necessary. During baseline studies,
techniques for rapid screening to detect certain nuisance species may be developed to provide more
rapid feedback to the monitoring program.

Should directional transport of water masses occur, there are stations chosen north, south, east and
west of the outfall, which could represent “upstream” and “downstream” sites depending on flow
direction. Additional farfield stations extend in eastward and southward directions to supplement this
scheme (see below).

Net zooplankton biomass and species measurements. At the selected biology/productivity stations
(5) in the nearfield, measurements of the net zooplankton community (the larger species sampled by
net, hence the term “net zooplankton") will be made. In the offshore area, compared to shallower
waters where grazing benthic organisms are a significant structuring force for the pelagic food chain,
zooplankton are the primary grazers of phytoplankton expected at water depths encompassed by the
nearfield sampling frame (Figure B-2). Zooplankton grazers may influence chlorophyll biomass and
affect distribution of carbon and other matter by effectively transferring matter to deeper waters
across a pycnocline. As grazers, they are a second-level biological response measurement to nutri-
ents, although they may be affected by some toxicants more readily than are the phytoplankton.
Accordingly, measurements of their biomass and species composition to indicate possible alterations
in the structure of the food chain are warranted as supplemental indicators of the nature of a change.

Net zooplankton biomass will be determined crudely as settled volume from net tows, as will species
composition. These studies will be conducted six times per year at the five nearfield biology/pro-
ductivity stations. Dual vertical or oblique tows (mesh size to be determined) through the water
column at each station will be used to estimate which species are present and which are dominant in
number.

Expectations for zooplankton meonitoring. Although zooplankton are not viewed as a first-level
biological response to nutrients, the studies will provide information on the character of any change
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seen within the nearfield region and offer potential additional insight on the fate of organic matter and
associated chemicals. Correlations with other nutrient, DO, and phytoplankton changes will be exam-
ined. The power to detect change can not be described from existing information, and will be exam-
ined using baseline information. Zooplankton may be responsive to some types of chemical contami-
pants; alteration of the food chain could indirectly result from such changes, but nutrients are the
greater concern in the present case. The main objective for monitoring of this component is to give
some potential insight into a variety of potential food chain changes in the nearfield by giving a base-
line description of species and biomass of the larger zooplankton.

Targeted sampling of selected depth intervals (e.g. a middepth chlorophyll maximum) is not an objec-
tive. Such an objective would require efforts well beyond the scope of monitoring, and not warranted
for a component that is not the first line of response with respect to nutrient enhancement, especially
where there the first line (phytoplankton) is extensively monitored. First, a chlorophyll maximum
layer (a prime target for sampling) may be defined on a scale of decimeters (e.g., Bjornsen and Niel-
sen, 1991); it is not simple to sample over sufficient space the net zooplankton while maintaining a
precise vertical position relative to a such a precisely-defined biological (or hydrographic) feature.
Moreover, zooplankton move extensively diurnally and targeted sampling would require substantial
understanding of this movement; sampling throughout the water column thus is to integrate the whole
community rather than capture a select fraction in a location at a certain time of day.

Nutrient Enrichment in the Farfield Water Column

Background and general sampling design. The farfield stations are to provide a baseline at loca-
tions where effects are not presently predicted from the outfall. Thus, these will function to verify
that this either is or is not the case, and provide a set of regional reference stations for evaluating
time trends for effects against reference backgrounds. Should effects be expressed farther from the
outfall, measurements at these stations will be available as baseline information against which to make
time comparisons.

The nearfield monitoring seeks a high level of spatial and temporal resolution appropriate for a site-
specific monitoring program and aimed at a scale commensurate with the perturbation (see Section
4.4). In contrast, the farfield monitoring is to not to define conditions as finely at a place where
effects are least expected, but instead to provide background conditions in the event effects were to
extend much further than forecast and thus will serve as a necessary historical base for such judge-
ment; the farfield may serve usefully to suggest some larger scale changes, but not focused at points
far removed from the point of perturbation (see Appendix A). In short, the overall nutrient enrich-
ment component of the monitoring design is a site-specific plan with farfield components for reference
and with potential for detecting larger-scale changes in certain measures (see below).

The farfield coverage is extensive in space. The number of farfield stations equals or exceeds the
number in the nearfield but are spread over greater area and the locations logically are keyed to im-
portant hydrodynamic and bathymetric features.

There will be two types of farfield stations (a total of 25), corresponding to the nutrient/hydrography
station type and to the biology/productivity station type in the nearfield. As is the case for the near-
field, the biology/productivity stations are a special subset (5) of the nutrient/ hydrography stations.
Both station types will be vertical profile stations only; there will be no continuous horizontal profile
sampling between stations into the farfield. For both types of station, the frequency of sampling is
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the same as for the biology/productivity stations in the nearfield: namely, six cruises per year at the
same times as are listed in the preceding nearfield section.

The nutrient/hydrography stations will give sufficient description of the Massachusetts Bay/Cape Cod
Bay region. These will enable postdischarge assessment of large-scale and/or long-term changes of a
potential causative agent (nutrients) as well as two principal indicators of effects (chlorophyll biomass
and dissolved oxygen).

The spatial array for stations (Figure B-3) has multiple purposes. The first is to provide regionally
representative nutrient/hydrography station coverage north, south, east, west, inshore, and offshore of
the nearfield. Many station groupings have special purposes and occupy precise locations to corre-
spond either to historical station sites or to specific hydrographic features within Massachusetts Bay or
Cape Cod Bay, or both. For example, to the northeast of the nearfield, stations run from shore along
a transect intended to capture the chemical and biological character, surface to bottom, of waters that
may sweep from the north through the nearfield area of the proposed outfall. The stations run from
about the 25-m depth contour eastward to the sill north of Stellwagen Basin. As an additional exam-
ple, stations to the immediate inshore of the nearfield, including toward Nahant, President Roads,
Nantasket Roads, Hull, and Cohasset, are to characterize any changes toward the shoreline points
closest to the outfall. Indeed, stations towards Boston Harbor will be valuable to monitor to further
examine the notion of Harbor nutrient export (Kelly, 1991) and how it will change postdischarge from
the proposed offshore outfall.

Since there is evidence and speculation that transport could generally take material toward the south,
there are additional farfield stations in that direction. Stations are shown in a southerly direction
along the coast, north and south of the North River, whose export would complicate interpretation of
any effects as due only to the outfall. Additional stations run along the axis of the Stellwagen Basin
to examine if any water-column effects are effectively transported downslope from the nearfield area.
Finally, reference stations for which there is historical information will be occupied in two different
regions of Cape Cod Bay.

The biological/productivity stations are much less to suggest scales of change, will function more to
provide baseline reference conditions at particular sites, but may be used in conjunction with more
extensive nutrient/hydrography information. Three of the five biology/productivity stations simply
compliment the nearfield sites and extend into the "near” farfield immediately to the east, west, and
south (Figure B-3). The remaining two farfield stations are those most distant (in Cape Cod Bay).
The simple assumption that a nutrient-biology cause and effect relationship appropriate for the north-
ern area of the region is applicable to the southern area could be challenged (cf. timing of chlorophyil
blooms as suggested by remote sensing data of Michaelson, 1991). The plan gives an efficient design
for assessing such an assumption under baseline conditions and therefore determining the extent to
which modeling extrapolations (such as derived production and light relations) may be appropriate.
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Figure B-3. Nutrient enrichment in the farfield water column.
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Farfield water-column measurements. Measurements taken for the 25 nutrient/hydrography stations
will be the same as for similar nearfield stations, with five depths again being sampled for discrete
measurements as well as continuous profiling.  Special measurements will be made at the
biology/productivity stations, which are located in the farfield: two in Cape Cod Bay, one outside
Boston Harbor inshore of the outfall (Station 6 of Townsend et al., 1990), one off Cohasset to the
south of the nearfield area (Station 18 of Townsend er al., 1990), and one offshore of the proposed
outfall area (roughly Station 9 of Townsend er al. 1990 near the northern entrance to Steliwagen
Basin). The samples taken and analyses conducted taken will be the same as for similar nearfield
stations and include extracted chlorophyll and phaeopigments, 14-C productivity, phytoplankton and
zooplankton biomass and taxonomy, PON, POC, DON, DOC, and total suspended solids measure-
ments to supplement hydrographic measurements.

Expectations for farfield water-column monitoring. As stated above, the primary purpose is to
obtain baseline information at sites outside the area where effects are predicted in the event that ef-
fects do extend farther. Sites will function as regional reference sites and there may be some poten-
tial for assessing broad-scale trends in certain parameters. Moreover, the specific spatial array of
stations is to provide information at sites “upstream” and “downstream” of special hydrographic fea-
tures, bathymetric features, or existing nearshore point sources such as Boston Harbor. Data from
these stations will assist in the larger-scale understanding of outfall effects and material budgets that
may relate to the nutrient-enrichment phenomenon.

Soft-Bottom Benthos: Nearfield and Farfield

Background and general sampling design. A number of benthic stations will be established at
depositional areas in the nearfield to serve in both transport-and-fate and trends/effects monitoring.
With respect to fate considerations, surface sediments will be collected and analyzed for a suite of
compounds of toxic concern as well as tracers of the sewage effluent. With respect to trends/effects
monitoring, a few benthic stations included in outfall citing studies (see MWRA, 198%; 1990) will be
reoccupied. Effects of the discharge within the nearfield are expected to occur for soft-bottom macro-
benthic infauna, but there are few depositional sites immediately surrounding the outfall diffuser.
Areas for macrobenthic study will center on known and suspected nearfield areas inshore of the pro-
posed outfall, areas that may function as fine-sediment and organic-matter traps because of the low
energy of the currents (Rhoads, pers. comm 1991, and in Shea et al. 1991). The map of Bothner et
al., (1991) was used to establish stations in the nearfield; primarily these are mud patches as identi-
fied in Figure B-4.

Benthic monitoring in muddy and sandy sediments has been the mainstay of biological monitoring for
the last several decades (cf., Warwick, 1988). Characteristically, organisms greater than 0.5 mm are
sampled, identified, and enumerated. Sediments are the long-term depository for particles and associ-
ated organic and inorganic chemicals. Benthic species are fairly long-lived and stationary, so they are
viewed as suitable integrators of conditions that often are transient and difficult to detect in the water
column.
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MAP OF SURFICIAL GEOLOGY IN WESTERN MASSACHUSETTS BAY
Bothner and others, USGS Digital Data Series, 1991, in press.
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Figure B-4. Soft bottom areas identified in the vicinity of the proposed outfall site.
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Changes in benthic communities — abundance, numbers of species, and types of species — have been
documented as responsive to many kinds of disturbances. These parameters are not uniquely respon-
sive to eutrophication, but the benthic monitoring plan is to detect overall change, independent of
cause. It may be possible to suggest, from the qualities of change and from select indicator species,
oné mechanism (i.e., toxic impact versus organic enrichment versus “smothering” by high particulate
loads, etc.). This is a secondary aspect, for the main goal is to detect the scale and magnitude of
change as related to the outfall.

Methods recently have been developed to more rapidly characterize the benthic community via remote
measures, such as sediment camera profile imaging techniques (e.g., Rhoads and Germano, 1986).
By such techniques, an evaluation of various biological and geochemical characteristics of the sedi-
ments is possible. This makes it possible to survey a large area quickly and obviates much of the
tedium of sorting, identifying, and counting individual organisms. The biology for the remote studies
still must be ground-truthed against traditional grab samples for full taxonomic analysis, but it can be
done on a comparatively small number of grabs.

Measurements. From 15-20 nearfield and 12 farfield stations in soft-sediments will be sampled using
traditional grabs and full macrobenthic taxonomic analyses. The procedures will be to use nested
sieves, a 0.5-mm-mesh over a 0.3-mm-mesh sieve, with fractions analyzed separately. Using the
0.3-mm-mesh sieve provides additional information on the smaller-size organisms that may be respon-
sive to effluent, and includes for some species the juvenile forms of those captured as adults by using
the 0.5-mm mesh. The locations will ensure that depositional areas of critical concern in the nearfield
and in the near farfield are sampled, as well as reference sites in the farfield. Farfield sites have been
chosen to correspond to previous benthic studies and are coupled with other sediment studies in this
plan (Figure B-4 and Special Studies).

The strategy for nearfield benthic monitoring is to be able to describe the scale, as well as nature, of
change extending from the diffusers. Indeed, nearfield changes in the benthos are expected and the
scales are predicted by the SEIS and the monitoring objective is to test whether the impact is within
the bounds projected by the SEIS (Section 4.4).

The spatial design defines soft-bottom mud patches of minimum size within the heterogenous sedi-
mentary environment surrounding the proposed outfall site. This exercise drew on recent work by
USGS (Figure B-4). The minimum patch size was determined in part by the navigational requirement .
to be able to reoccupy a location. From 15-20 sites will be sampled, the sites being arrayed, to the
extent possible, in a radial pattern away from the center of the diffusers (see Figure 3(d) in Section
6.0). One grab sample for chemistry, one for biology, and about five sediment camera images will
be done at each site. Assessing the pattern of change in space and time and between chemistry and
biology is the objective, thus the use of more stations rather than more replicates at few stations.
Relationships between chemistry and biology pre- and postdischarge will be examined using analysis
of covariance, and other statistical regression techniques to establish trends over time and space.
End-of-summer surveys will be conducted once each year to establish annual variability during base-
line measurements.

Sediment camera profile imaging will be performed at all nearfield and farfield stations. This tech-
nique provides an additional quality of information relevant to macrofauna as well as sediment chemi-
cal quality. Since essentially all of the patches of soft-sediment in the nearfield will be sampled by
traditional -‘methods, use of the camera technique here is viewed as complimentary rather than supple-

mentary.
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Sediment chemistry analyses of surface (0 to 2 cm) samples will be made annually at all nearfield and
farfield grab stations. Parameters include PAHs, LABs, PCBs, pesticides, metals, and Clostridium
perfringens. Additional measurements will include Fe, Al, total organic carbon (TOC), and grain
size. Methods should follow those of the National Oceanic and Atmospheric Administration (NOAA)
National Status and Trends (NS&T) Mussel Watch Program (Battelle, 1990).

Farfield benthic monitoring has the goal of detecting change at a given site and thus will use triplicate
biological grabs and duplicate chemical grabs, rather than adopt the nearfield sampling strategy.

Expectations for soft-bottom benthic monitoring. With respect to enrichment, changes may be
expected, within the first year of outfall discharging, close to the outfall and/or sediment depositional
areas where particles are concentrated. Stations surrounding the outfall, including areas of low kinet-
ic energy, will provide adequate spatial resolution to map the extent of any change. Repeated annual
monitoring will provide evidence of biological and surface chemical changes in depositional areas and
indicate the scale of change within an expected impact area.

With respect to enrichment, the magnitude of change depends on the nutrient and particulate loading
rates. Although there are some eutrophication indicator species or guilds in coastal ecosystems, the
often observed response is one of fundamental community change.

Detectable by the remote imaging, the general change from oligotrophic to eutrophic conditions is
from deeper-dwelling species and active bioturbators to surface-dwelling species capable of existing
with a fully anoxic sediment only millimeters from the sediment/water interface. In many physical
environments, change can be evidenced as a fairly smooth gradient from a source. In the physically
dynamic Massachusetts Bay environment with heterogeneous distribution of different sediment types
(Bothner et al., 1990), benthic responses may be highly discontinuous and the extent of impact at
given points is difficult to predict. The designed monitoring strategy should be adequate to suggest
both scale and magnitude of any changes within a fairly broad geographic area, including “reference”
sites that are reasonably far afield.

Based on power-analysis results using data from the MWRA Secondary Treatment Facilities Plan
(MWRA, 1988), the level of detectable change in the farfield for most parameters ranges from about
10% to 1000% using three replicates for benthic grabs and two replicates for chemical analyses. For
some parameters, at certain stations the level of detectable change exceeds 100,000%.

Fish and Shellfish Contamination and Physiological Condition

Background and general sampling plan. One of the most important endpoints in this monitoring
program is fisheries. However, sewage discharge is only one of many possible sources of perturba-
tion to fish health and populations. Consequently, sampling and analysis to address possible effects
on fisheries must attempt to maximize discrimination among the sewage outfall and other sources.
This would be best accomplished by sampling fish with restricted migration and sessile shellfish at the
outfall site. Since many fish and lobster populations in the area of the outfall do migrate, without a
major widescale sampling effort it would be difficult to assess impacts on population size. Hence, the
measurements in the monitoring program are restricted to measurements of contaminant burdens and
the health of individual organisms gathered from areas near and very far from the outfall. Data on
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contaminant body burdens, incidence of disease, and histological indices can then be compared against
data on fish and shellfish collected prior to discharge and from reference sites.

Winter flounder is the fish of choice based on the fact that its present distribution provides for suit-
able nearfield, coastal, and farfield reference sites. Moreover, the precedent for using winter floun-
der in this region is established in other programs, and techniques are in place for body-burden and
disease/histopathology analyses (Moore, 1991). The migration of winter flounder is thought to be
limited to about 1 nmi, particularly with the rich food source expected near the outfall.

Monitoring of sessile shellfish has several disadvantages. For example, there is little known about
indigenous shellfish species that might be suitable and present in the immediate vicinity of the outfall,
and there are problems with maintaining their physiological health at the depth (32 m) of the outfall.
Despite these problems, caged mussels will be used at the outfall to test for accumulation of contami-
nants from the water column. Two cages of mussels will be suspended just below the pycnocline for
2 months during the summer at a convenient site outside the mixing zone but within the nearfield
(e.g., Bouy B).

Lobsters will also be used for the monitoring program. Lobster body-burden data may be problemat-
ic because of this organism’s short-term mobility, some seasonal migration between inshore and off-
shore, and the lack of literature and baseline information on contaminant uptake, bioaccumulation,
and the resulting effects. However, they will be monitored because of their commercial importance
in Massachusetts Bay.

Measurements. Based on the results of measurements of contaminants in fish, shellfish, and sedi-
ments by an early (1976-1978) EPA Mussel Watch Program and the NOAA NS&T Program, there is
significant precedent for certain measurements of fish and shellfish contamination and a corresponding
large database. The NS&T Program monitors concentrations of PAHs, PCBs, and a number of pesti-
cides including, DDT and chlordane, and over a dozen trace metals. The chlorinated organic com-
pounds have been shown to have relatively high concentrations in tissues of animals in Boston Harbor
and their genotoxicity and/or carcinogenicity are documented in the literature, although human health
risk from fish consumption in Boston Harbor is not as well documented (EPA, 1989). PAH com-
pounds are also high in the sediments and mussels found in Boston Harbor, although a clear gradient
is observed with distance from the Harbor (Shea and Kelly, in preparation). In addition, PAHs are
readily metabolized in the liver of fish, effectively detoxifying the PAH with respect to human health
risk. Conversely, lobsters and mussels have very little capacity to metabolize PAH, resulting in
greater bioaccumulation and threat to human health, but their utility as an indicator for human health
risk has not been established. The Food and Drug Administration (FDA) has set an action level for
total PCBs (2.0 ppm, wet weight), but not for pesticides or for PAHs.

The trace metals that can be acutely or chronically toxic to humans include cadmium, chromium,
copper, lead, mercury, silver, and zinc. The FDA Action Level for mercury is 1.0 ppm (wet
weight), and the National Shellfish Sanitation Program has proposed Alert Levels of 25 ppm (wet
weight) for copper, 30 ppm for zinc, and 5.0 ppm each for cadmium, chromium, and lead.

Winter flounder, which are closely associated with the sediments, feed primarily on benthic animals.
They have wide distribution throughout the study area (in both the water and on the dining table), and
there is a relatively well established baseline of body NOAA NS&T Benthis Surveillance and burdens.
The edible flesh of winter flounder should be monitored for PCB/pesticides. The ongoing Mussel
Watch programs can provide considerable baseline and reference data to augment the MWRA pro-
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gram. Lobsters caught at the outfall site could also be monitored for contaminant body burdens in the
edible tissue simply because of their commercial importance in Massachusetts Bay.

Reference data for regional trends can be obtained from sites where indigenous mussel populations are
sampled for the NS&T Mussel Watch Program (outer Brewster Islands, Duxbury Bay, and Cape Cod
Bay). In addition, data from the other Boston Harbor NS&T Mussel Watch sites (Deer Island, Dor-
chester Bay, and Hingham Bay), the Gulf of Maine Gulf Watch Program, and the New England
Aquarium Mussel Watch Program will be available for comparative purposes. However, the different
exposure times must be considered when comparing caged mussel data with these other data.
Measurements to determine trends in the contaminant levels of the fish and shellfish around the outfall
will be similar to those discussed above. These would include PAHs, PCBs, selected chlorinated
pesticides, and the metals specified in Section 6. Note that the metals and organics to be measured
vary with the species and the tissue considered. Measurements of PAHs, PCB/pesticides, and metals
should also be made in flounder liver and lobster hepatopancreas. Additional measurements of bio-
indicators of contaminant exposure (e.g., cytochrome P-450, PAH metabolites in bile) were consid-
ered but not included because more research is needed to assess the utility of these measures to detect
change in fish health and to relate any changes to the chronic low-level input of contaminants associ-
ated with the outfall. More direct measures of contaminant body burden and histological abnormali-
ties offer the selectivity and specificity that these new methods lack. Note that a recent review of
monitoring in the Southern California Bight indicated that all physiological and biochemical measure-
ments in fish are useful research efforts, but they have not provided answers to questions related to
outfall monitoring (NRC, 1990).

There are several manifestations of disease in winter flounder that have been studied recently in Bos-
ton Harbor, and these would be -useful for monitoring. Liver neoplasms and related nonneoplastic
lesions have perhaps received the most attention. Although these lesions have not been related direct-
ly to contaminant concentrations in the sediments, there is strong circumstantial evidence to suggest
that contaminated sediments play a role in the occurrence of these lesions in the Harbor flounder
populations.

The liver neoplasms appear to be age-dependent, being more prevalent in 4-year-old and older fish.
Fin rot and other skin ulcerations have, on the other hand, been linked directly to contaminated sedi-
ments. Perhaps the most significant pollution indicator is the severe hydropic degeneration (or vacuo-
lation) that shows up as large, vacuolated cells in the liver parenchyma. They were found in virtually
all winter flounder collected in Boston Harbor by Battelle in 1981, 1982, and 1984, and were almost
completely absent from fish collected from a reference station off Plymouth Beach. More recent data
from Moore (1991) have shown a trend of decreasing histological effects in winter flounder from
Boston Harbor since the mid-1980s. Anemia and micronuclei in red blood celis are also easily moni-
tored. Associated biochemical measurements, such as cytochrome P-450, ascorbic acid, and hepatic
glycogen, can be made in conjunction with the pathological investigations during baseline surveys to
assess their potential as indicators of health stress. Histopathological measurements in the monitoring
plan thus include observations with respect to severe hydropic vacuolation, neoplasia, necrosis, hyper-
plasia, and external abnormalities.

For lobster, gross abnormalities indicative of disease will be monitored. These include black gill
disease, shell erosion, and evidence of parasites.

Sampling areas for flounder and lobster inciude the outfall area as well as the Deer Island Flats in
Boston Harbor and a reference site in Cape Cod Bay (Figure B-6). Lobster sampling will be coordi
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nated with the Massachusetts Division of Marine Fisheries. For histology in winter flounder, there
are two additional sites removed from the outfall, one near Lynn that would represent a coastal refer-
ence site and one east of Stellwagen Bank that is intended as a clean reference site.Baseline sampling
for winter flounder and lobster will be conducted once per year, every year during spring.

Expectations for fish and shellfish monitoring. Determinations of contaminant levels in the outfall
and reference populations of flounder and shellfish over time can be compared to FDA Action Levels
and National Shellfish Sanitation Program Alert Levels for the same contaminants. Pre- and post-
discharge levels can also be compared to help to establish cause and effect.

The proper statistical trends analyses of contaminant levels at any of the stations should provide an
indication of whether the accumulation of any of the contaminants has changed significantly over the
length of the monitoring period. However, based on the results of the NS&T Mussel Watch trends
analyses, it might be difficult to determine that trends actually exist.

In addition to determining whether there are any changes in pathology among the various populations
over time, correlations between pathological conditions and chemical concentrations can be attempted.
Results of these analyses could prove useful in determining possible cause-and-effect relationships
between pathology and contaminants as well as providing useful observations on the incidence of
anomalies as the Harbor becomes cleaner.

Special Studies

Included in this grouping are a variety of monitoring activities that will provide additional detail on
the effluent, its fate and effects, and the ecological/environmental dynamics of Massachusetts Bay
and, to a lesser extent, Cape Cod Bay. Some of these studies are ongoing and are/will be supple-
mented by the MWRA. They are characterized as special studies in part because they are key to
developing a broader understanding of the outfall’s relationship to the environment. These studies
have specific supplemental goals that extend beyond the principal purpose of the monitoring plan to
detect change.

Water-circulation studies. Water-circulation studies are key to understanding the transport and fate
of effluent constituents in Massachusetts Bay. Ongoing physical oceanographic studies are listed in
Section 2.0. Continued measurements of conductivity/temperature/depth (CTD) profiles and current
measurements, Lagrangian (drogues) and Eulerian (moored), are required. These are part of the
focus of the Department of the Interior [U.S.] Geological Survey/MWRA (USGS/MWRA) studies,
which also include continuous DO monitoring at a site in the nearfield area (Figure B-7).

USGS scientists are refining a physical simulation model of Boston Harbor. Additionally, they are
designing a similar model of Massachusetts Bay. Drogue and drifter studies by the MassBays Pro-
gram and the USGS are ongoing to determine the direction of particle movements from the outfall
area and to calibrate the models with such information.

‘Additionally current-meter measurements will be made at several locations during the routine near-
field water-column studies. These would facilitate interpretation of stations in relation to each other,
especially whether some are downstream from others with respect to net current vectors.

Particle fate studies: Transport, deposition, resuspension, and bioturbation. Consideration has

been given to deployment of sediment traps at stations to collect rapidly settling material. The main
purpose of sediment traps is to collect material that will provide information on vertical deposition
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and resuspension processes, as well as horizontal dispersion. The advantage of sediment traps over
traditional surface sediment collection is the higher S/N ratio that one obtains by measuring contami-
nants and sewage tracers in the traps (i.e., there is less dilution). The monitoring plan, on the advice
of experts, will use data from the one USGS mooring in the nearfield to compare baseline data with
postdischarge particle depositional flux through the water column. Supplemental moored arrays of
sediment traps may be deployed in the future by USGS and have been in the past.

Sediment-trap material would be analyzed to allow resolution of time-averaged transport of particles
that has not been provided by nearfield cruises and plume studies (which offer a picture on a given
day only). A vertical moored array is required to help to assess fallout from the water versus re-
suspension from settled material. Horizontal transport of material either directly released in the efflu-
ent (e.g., metals, organics, particulate organic matter, sewage tracers) or stimulated by the nutrients
in the effluent (e.g., chlorophyll) will be assessed by comparing enrichment of sewage tracers in the
trap material with that of the effluent. The object would be to provide information relative to the
transport of particles over a large region. Information on material concentrations over time in surface
sediments will compliment analysis of trap material and be invaluable in assessing any enrich-
ment/depletion of elements as the settle and are resuspended.

The USGS/MWRA also are studying sediment depositional history and bioturbation rates at selected
stations throughout Massachusetts Bay and Cape Cod Bay (Figure B-7).

The particle fate studies will aid in providing long-term historical background for comparisons.
Understanding the role of bioturbation in affecting contaminant concentrations in surface sediments is
critical to defining the ability to detect change and to developing material budgets for sediment burial
rates. The sediment stations used in these studies, to the extent practical, are coordinated with other
benthic studies of the monitoring program.

Plume studies. An environmental system exposed to a new continuous input can be expected to have
a transient response toward a new equilibrium within a span of several times the residence time of its
slowest dominant internal structuring factor. With respect to chemical fates, if physical and biogeo-
chemical actions determining removal rates and residence times can be established, both the area
encompassed and the time involved for initial response become more clearly defined (as do the near-
field-fate and short-term effects). For example, if the time for particle deposition is within one or
two tidal mixing cycles, the primary scales of initial concern (with respect to particle loading effects)
are roughly expected to be within 1 week, and a spatial area would be defined by advection during
that period.

This image is overly simplified, of course. A system does not have to adjust within this time scale.
Nonlinearity in response is probable when biological features influence transport and fate, and espe-
cially when the system’s response involves not just chemical fate but attendant biological changes.
Moreover, both particles and dissolved constituents have possible impact, but they can have different
transport and fate mechanisms and time scales. Additionally, for both dissolved and particulate
forms, interactions with the sediments (e.g., resuspension, nutrient regeneration) are regulated in part
by biology and thereby are subject to biological change. This adds considerable complexity to simple
models based on dilution and first-order removal rates from water. Indeed, a system may change
over time with continuous discharge and develop a new set of relevant space/time response scales
because of a biological change (e.g., if the nearfield capture of particles into sediments is lessened
because the benthos becomes depauperate and can not perform this function).
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Precisely because there is no other way to obtain the information on initial response, intensive initial
characterization of transport and fate processes has extremely high value and is necessary to provide
useful information relative to calibrating and upgrading numerical simulation models capable of pro-
jecting longer-term dynamics. Further, the initial period is the prime time for acquiring information
relative to biogeochemical half-lives, because compartments will be either losing or accumulating new
material, and there is the possibility of detecting some chemical signals against background noise. If
too much time elapses between the start of discharge and taking measurements, the S/N ratio of those
measurements could decrease significantly. In fact, after a relatively short time, the initial distinct
plumes will become a field of multiple, well-mixed plumes that are indistinguishable.

Thus, an initial phase of postdischarge monitoring will involve tracking plumes through tidal cycles
and into areas considered farfield (Figure B-8). The focus of this monitoring activity is on the water
column. Measurements will include temperature, salinity, total suspended particles, fecal coliform,
DO, chlorophyll, dissolved and total nutrients, sewage tracers (e.g., Clostridium perfringens), and
certain contaminants of concern. Cruise tracks will traverse the axis of the tidal excursion and identi-
fy the length and breadth of any distinct effiuent plumes. Vertical profiles of parameters will be
obtained, along with any horizontal profiles that can be obtained by using towed sensors.

Additionally, tracking of chemical and other measures in water advecting away from the outfall dif-
fusers will be monitored in special studies that follow surface, mid-, or bottom water drifters released
at the outfall diffusers. Studies using acoustical techniques or special dye/tracer techniques may be
used. Details for these studies will be defined during the baseline study period.

Plume tracking will be an initial exercise conducted under stratified and nonstratified conditions dur-
ing the first year when discharging commences. If logic and accumulated data dictate, the activity
might be revisited after an extended period following commencement of discharge operations. One
purpose of continuation would be to compare the extent and character of the transport in a plume at
early as well as at late dates as a way to interpolate (between two points in time) possible degradation
of ecosystem function in the nearfield. Additional plume tracking under high- and low-flow condi-
tions could be performed to obtain the two flow-rate endpoints.

In addition to providing transport and fate information, measurements of contaminants taken during
plume-tracking studies can be compared to predicted values (based on dilution) and to WQC for
verification of NPDES compliance. Water samples could also be collected for toxicity testing to
confirm the results of effluent toxicity tests. These last two sets of measurements should be per-
formed only during the first year of operation, unless their results indicate that further measurement is
required (i.e., the water is toxic or exceeds the WQC).

Excessive coliform levels would not be expected in the area of the proposed outfall. However, after
the discharge is operational, if there is a rise in levels of pathogenic microorganisms at the outfall, it
would be relatively easy to determine whether and how often State limits are exceeded by additional
measurements in the plume studies.

It would be necessary only to examine the data generated from the plume monitoring to determine if
bacterial indicators are transported from the outfall toward shellfishing or swimming areas. Water
temperatures should be low enough to prevent rapid multiplication (regrowth) of the microorganisms
between the outfall and the shellfishing areas.
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It is expected that the monitoring program would provide information on the transport of microorgan-
isms toward the beaches as well as toward the shellfishing areas. The baseline monitoring is expected
to show that the study organisms (e.g., coliforms and enterococci) are present throughout the region,
but not at critical levels. Nonchlorinated effluent might be expected to cause the number of organ-
isms to rise at the outfall. Any elevations can be tracked on both the ebb and flood tides to indicate
whether the discharge has caused an increase in pathogens on the beaches.

Water clarity and/or color could change as a result of increased loading of suspended solids and other
colored effluent matter. Transmissometry measurements will be made during plume studies and on
routine water-column surveys. Visible observations of the surface-water color and light penetration
will be made at fixed water-column survey stations. Verification and quantification of any potential
problem could be made with a spectroradiometer.

Finally, debris floating on the water could change as a result of increased loading of plastics or other
floating effluent matter. Plastics are not expected to change significantly because of the screens used
in the treatment plant and because even the present outfall source is small relative to combined sewer
overflows (CSO) and other sources. Verification can be made by visible observation of the surface
water during plume studies and water-column surveys. If a problem arises, identification and enu-
meration of floatables can be performed on samples collected from neuston tows.

Remote sensing of chlorophyll. Recently, Michelson (1991) examined remotely sensed data, avail-
able from the early 1980s, with respect to surface chlorophyll in Boston Harbor, Massachusetts Bay,
and Cape Cod Bay. The images (cf., Figure B-9) provide a spatial resolution at the regional and
mesoscale that is less easily obtained by shipboard surveys and are particularly important in extending
biological monitoring more synoptically into the farfield. Kelly (1991) summarized annual chloro-
phyll values in northern Massachusetts Bay, including the region of the proposed outfall.  Kelly’s
‘summary was remarkably consistent with Michelson’s average annual values in terms of the funda-
mental spatial distribution, with the exception of some deeper-water areas. Remotely sensed data do
not capture midwater chlorophyll maxima at some of these stations.

The monitoring program may utilize remote sensing. Presently, the plan is to make use of the
NOAA’s SEAWIFS satellite that may become available as of 1993. This activity will be coordinated
with NOAA’s Coastal Ocean Program. It is recognized and expected that this information would be
significant to assessing phytoplankton effects at a larger scale than will be assessed by other methods
in the monitoring program.

Detailed effluent characterization. To accurately characterize the mass loads to Massachusetts Bay
from the proposed offshore outfall, it is imperative to develop statistically designed studies to sample
influent and effluent at proper frequencies and flow conditions. In particular, there are some constitu-
ents that are present at extremely low concentrations, and using limits of detection to calculate mass
loads may vastly overestimate the loading. These in particular must be considered in designing an
effluent monitoring scheme.

The purpose of these species studies is to supplement the measures being made in the routine effluent
monitoring, and additionally to identify the utility of tracers (e.g., 15N and other specific nitrogen
forms, LABs, and Clostridium perfringens) and the potential to accurately assess their mass loads in
the effluent. Measures could include defining fractions of a contaminant, such as particulate, dis-
solved, and colloidal, for recent synthesis studies of the present effluent and Boston Harbor suggest
that these phase distinctions may provide a measure of prediction with respect to contaminant trans-
port or retention in sediments (Shea and Kelly, manuscript in preparation).
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Such data could be used as input to water-circulation or transport-and-fate models to assess potential
distribution of effluent in the field. Additionally, these studies would go hand in hand with tracer
studies in the environment (next section).

Sewage tracers in the environment. Planned during the baseline period are sediment surveys
throughout Massachusetts and Cape Cod Bays to determine the distribution of Clostridium perfringens
in surface sediments. The survey will encompass 25 stations, many of which coincide with regular
benthic monitoring stations, but others are at other depositional sites (Figure B-10). The purpose is to
broadly assess present baseline concentration of this known sewage tracer and therefore aid in the
determinations of the power of this measure to detect the fate of outfall particles in the near- and far-
fields.

Other chemical or biological measures will be examined, especially with respect to their baseline
concentrations in the outfall nearfield, as unique tracers of the effluent are examined and identified in
the detailed effluent characterization studies (above). As these studies progress, the extent to which
long-term fate of effluent material may be rigorously quantified for accounting purposes as well as for
determining cause and effect over longer time frames.

Benthic nutrient flux, denitrification, and oxygen demand. Benthic fluxes of oxygen, and nutri-
ents could be significant to monitor for two reasons. Fluxes contribute to oxygen and nutrient con-
centrations in the water are critical information for the development of coupled hydrody-

namic water-quality models that would be used to predict effluent management options. Additionally,
benthic fluxes are responsive to nutrient enrichment — fluxes are dependent on particulate deposition,
strongly parallel primary production response to nutrient loading (Kelly et al., 1985). At very high
levels of loading, fluxes and productivity can become uncoupled, providing an indication that the
ecosystem has been highly disturbed (and this may occur before water-column anoxia is experienced).
We do not know the point at which this condition may be reached in different types of hydrographic
conditions (mixed versus stratified) and water depths, although we do know that the relative impor-
tance of benthic metabolism can be scaled to water depth (Hargrave 1973; Oviatt er al., 1986). At
loading rates well below a “critical eutrophication level,” uncoupling benthic fluxes and overlying
water activity may occur by the action of toxicants.

A basic and scientifically accepted method for benthic flux measurements involves collection of cores
and flux incubations, with pelagic bottle controls, run in the laboratory at the in sifu collection tem-
perature in the dark (cf., Giblin e al., 1991). In situ flux chambers could, alternatively, be used.

The present scales of variability for benthic fluxes near the outfall site are not well known, although a
preliminary study by Giblin ez al. (1991) offers some data on this. Benthic fluxes can be assessed
and usefully compared, using data collected seasonally and biased to the warmest part of the year.
Empirical models exist for comparing fluxes to primary production levels and chlorophyll biomass
(cf., Kelly, 1991); the standard for comparison and for assessing integrated change should be (as for
chlorophyll) an annual value.

Six stations (Figure B-11), three from Boston Harbor to the Broad Sound/Nahant area depositional
sediments, a fourth at an identified low kinetic area site in the nearfield that may focus outfall-related
particles, a fifth in a small patch of soft-sediment in the inner nearfield, and a sixth site off Cohasset,
all will be sampled five times per year. Measurements will be made in early spring prior to water-
column stratification, in late spring after the onset of water column stratification, twice during mid-
/late summer when rates are usually highest, and during late summer/early fall around the period
when the water column is again becoming mixed.
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These six stations may all be accessible to the scuba diver. If not, cores will be taken either by a
core-retrieval system to obtain relatively undisturbed surface sediments (e.g., either subsampled from
a box core, hydraulic piston core, or other special equipment). Seasonal studies will provide a rough
estimate of annual fluxes for modeling purposes and in budgeting organic matter and nutrients, as
well as being indicators of elevated organic input.

Two other possible depositional sites more to the offshore (Figure B-11) will be the subject of flux
studies, but these will be measured only twice and during the summer only (mid and late). These
sites are in soft sediments to the east of the outfall in the nearfield region on a track toward
Stellwagen Basin. They are not easily diver-accessible, and all cores will be obtained remotely. The
purpose of these stations is to assess, by measuring flux changes postdischarge relative to baseline
conditions, if near-bottom horizontal transport of organic matter is occurring to any detectable ex- tent
in the direction of Stellwagen Basin. Increases in flux rates can be a strong indicator of recent elevat-
ed organic input and more easily detected than slight increases in the sediment organic pool itself
(Kelly and Nixon, 1984).

Measurements of benthic fluxes will include rates of nitrogen exchange [ammonia, nitrate, nitrite, and
N, gas (denitrification)], and oxygen demand. A study being conducted in the Harbor is presently
measuring these constituents, and similar techniques will be employed in Massachusetts Bay.

The timeframe for a response to eutrophication generally is rapid and could be detectable within the
first year of discharge (Smith e al., 1981; Kelly er al., 1985). It is expected that the stations being
occupied will detect change if it occurs in depositional areas at the edge of the nearfield. Additional
cores could be retrieved for incubation if the spatial extent and heterogeneity of change warranted.

Depending on the element of interest, empirical models predict that the magnitude of change corre-
lates with the magnitude of increase in phytoplankton loading plus additional particulate organic load-
ing from the outfall scaled for the depth of the water column (Kelly, 1991).

The measurements additionally will confirm the relative importance of benthic versus water-column
metabolism as they may affect oxygen concentrations and will provide data to address the role of
sediments in nutrient cycles.

Hard-Bottom Benthos

Background and general sampling strategy. There is considerable heterogeneity of bottom type in
the area proximal to the proposed outfall site (Bothner et al., 1990), with substantial hard-bottom
(gravel, boulder) areas. It has been noted that a “dusting” of sediment may accumulate in such areas
at some times during the year (see review by Shea ez al., 1991). Organisms may colonize and utilize
the energy resources of this material. Accumulation of sediment and growth of an epifaunal commu-
nity may be transient and disturbed by strong physical events. ’

Smith et al. (1981) showed that a hard-bottom community provided substantial response to a sewage
diversion in Kaneohe Bay, so there is precedence for use of this general type of benthic community as
an indicator for nutrient and particulate enrichments. Due to the water depth being prohibitive to
scuba diving, an alternative method, that of video observation, will be used. The purpose is simply
to describe in qualitative terms the accumulation of material and biological activity on/in these depos-
its seasonally accumulated in hard bottom in the immediate vicinity of the diffusers.
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Measurements. Qualitative observations may be made at eight stations along two transects in an X
_pattern crossing the line of diffusers (Figure B-12). Additional sites to be considered for observations
include those north and south of the proposed diffuser axis that were examined during the STFP
(Reference). Color video camera observations will be made during summer during baseline years
prior to discharge and thereafter postdischarge as needed. The percentage cover and identifiable taxa
would be documented if possible.

Expectations for hard-bottom monitoring. The scale of change will probably be time-varying and
spatially patchy, driven by physical processes and filtration rates of any epifaunal suspension-feeding
forms. The ability to detect outfall impact is not currently estimated.

In one situation, where it was thoroughly investigated through an annual cycle, the biomass of hard-
bottom fauna was shown to be responsive to changes in sewage effluent loading (Smith ez al., 1981).
Moreover, if suspension-feeding forms reach high density/biomass, considerable focusing of particles
from outfall discharge could occur. It is possible that such a situation could have significant effects
on the fate of toxicants and other materials; for example, production of biodeposits by suspension
feeders can modify particle-size distributions and subsequent transport elsewhere (Kautsky and Evans,
1987).
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Appendix C

QUALITY ASSURANCE, DATA SYNTHESIS,
AND DISSEMINATION OF INFORMATION

Quality Assurance

All activities under this monitoring plan will be conducted under well-defined Quality Assurance
programs that set standards for personnel qualifications, equipment, facilities, and recordkeeping. All
activities will be conducted under project-specific plans (e.g., survey, laboratory, or other work plan)
that specify at a minimum the project goals, the relationship of the specific project to the overall
monitoring plan, the hypotheses from the monitoring plan that are being tested, schedules of activi-
ties, data quality requirements, sample- or data-collection procedures, analytical and quality control
measures, and data documentation and validation procedures. Analytical laboratories performing
chemical analysis should participate in the Quality Assurance program used in the National Oceanic
and Atmospheric Administration (NOAA) National Status and Trends (NS&T) Program. This will
help to ensure the accuracy, precision, and comparability of sediment and tissues results that are being
generated by the various laboratories.

Data Synthesis and Dissemination of Information

The final essential component of any monitoring program is data synthesis, interpretation, and com-
munication of this information to appropriate managers, scientists, and the public. The diverse data
generated during monitoring must be integrated across disciplines and over the temporal and spatial
scales of the monitoring program. These data must then be translated into information that can be
used by the Massachusetts Water Resources Authority (MWRA) managers and environmental regula-
tors to make management decisions. This information should also be summarized in a way that can
easily be disseminated to and understood by the segments of the public who use and value Massachu-
setts Bay. The links between actual measurements and the public concerns should be clearly de-
scribed.

Several reports have been and will continue to be prepared by the MWRA to document the plans and
results of the program. Records of work to be performed, including details about sampling locations
and methods for sampling and analysis, are currently documented in work plans or work/quality
assurance project plans and survey plans. These types of documents are required for all projects and
surveys. Results are documented in survey, data, and final project reports. Other reports also may
be issued as necessary. So that information will be shared among the MWRA, Environmental Protec-
tion Agency (EPA), the Department of Environmental Protection (DEP), and others, regular meetings
will be held to plan activities and discuss results.

A single centralized data management system containing all data generated under the monitoring plan
is being developed to allow ready access to the information generated during the various monitoring
and research efforts. Each investigator participating in the program will be responsible for maintain-
ing easily accessible data. Data-submission requirements will be defined as the program progresses.
Information and data will be exchanged among the various studies as necessary to complete data
interpretation and to prepare reports. Only approved independently quality-assured final data will be
exchanged.

Cooperating agencies and individuals will also work together to ensure appropriate recognition of data

sources. Investigators will work together to provide timely interpretive reports. Investigators may
also be requested to provide preliminary information to the monitoring task force or annual reports as
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required by the MWRA managers, particularly in the event of a critical alarm (e.g., low dissolved
oxygen).

The information generated through implementation of the monitoring plan shall also be reviewed
formally. The monitoring task force will aid the MWRA in making decisions about discharge-man-
agement issues and future research and monitoring needs. Expert review of the results of the pro-
gram will also take place at various symposia or workshops. Representatives from Federal, State,
and local governments, scientific institutions, fishermen’s groups, and environmental groups will be
invited to review results of monitoring and research activities.
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