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SECTION 1

INTRODUCTION

11 PROJECT OVERVIEW

The Massachusetts Water Resources Authority (MWRA), as part of its discharge permit for the Deer Island
Wastewater Treatment Plant, is required to use the coupled hydrodynamic/water quality model developed
for Massachusetts and Cape Cod Bays to analyze impacts of the treatment plant effluent on the bays
following the September 6, 2000 startup of the offshore outfall. MWRA has decided to analyze the years
1998 and 1999 with the model and therefore requires the hydrodynamic/water quality model to be setup and
run for this period. The first phase of this project is the setup and calibration of the hydrodynamic model
while the second phase will be the setup and running of the water quality model. The hydrodynamic model
was originally set up and calibrated for the period of October 1989 through December 1994 by Dr. Richard
Signell at the U.S. Geological Survey (USGS) in Woods Hole. Dr. Signell has since transferred the model
to HydroQual to conduct the modeling work for the 1998-1999 period.

This report includes the final calibration of the hydrodynamic model for the years 1998 and 1999. The
report also includes the model inputs and the calibration process. This final report addresses comments
made by the MEG in March, 2001.

1.2 PHYSICAL SETTING

Massachusetts Bay is a semi-enclosed embayment that opens into the Gulf of Maine at its eastern boundary.
It is roughly 100 km long, 50 km wide and has an average water depth of 35 m. The bay is bounded on the
east by Stellwagen Bank, which rises to within 20 m of sea surface. Boston Harbor empties into western
Massachusetts Bay, providing one source of nutrients to the region.

Circulation in Massachusetts Bay is driven by a combination of local and remote processes that vary with
season (Geyer et al, 1992). Throughout the year water flows southward in the western Gulf of Maine, and
although most of this current continues flowing southward over the eastern flank of Stellwagen Bank (largely
bypassing Massachusetts Bay), a small portion flows into the bay and drives a weak counter-clockwise flow
that enters at Cape Ann, on the north and exits on the south at Race Point, located to the north of Cape
Cod. The magnitude of this flow varies from less than 1 cm/s off Boston to about 3-4 cm/s along the
western portions of Massachusetts Bay.
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The remotely driven mean circulation pattern is modified by seasonal current regimes. During the winter,
the bay is well-mixed vertically, and the wind is principally from the northwest, reinforcing the
counterclockwise circulation. In the spring, surface warming and freshwater intrusions from rivers that
discharge to the Gulf of Maine cause the bay to become stratified. During this period, surface currents in
the bay are dominated by the strong, yet variable, density-driven flow associated with these Gulf of Maine
intrusions. By summer, the stratification has intensified due to further surface warming. The dominant wind
direction in summer is from the southwest, which drives strong upwelling events along the western and
northern shores of the bay. In the fall, rapid cooling on the shallow western side of the bay results in a
density field that temporarily reverses the surface mean flow.

Tidal currents in Massachusetts Bay are dominated by the semi-diurnal M, constituent (period = 12.42
hours). The currents are largely bidirectional and the magnitude ranges from about 10 cm/s in the interior
of Massachusetts Bay to more than 50 cm/s off the tip of Cape Cod and in the entrances to Boston Harbor
and Plymouth Harbor (Blumberg et al, 1993, Irish and Signell, 1992). Although the transport due to tides
is generally oscillatory and, therefore, does not give rise to net transport of material, they are an important
source of bottom-generated turbulent mixing.



SECTION 2

MODEL IMPLEMENTATION

21 NUMERICAL SCHEME

The model used in this study is called ECOM-si, a semi-implicit variant of the three-dimensional Estuary,
Coastal and Ocean Model (ECOM) described by Blumberg and Mellor (1987). ECOM-si was selected
because it includesa free surface, nonlinear advective terms, coupled density and velocity fields, river runoff,
heating and cooling of the sea surface, and a 2.5 level turbulence closure scheme to represent vertical mixing
(Mellor and Yamada, 1982). In addition, the combination of orthogonal curvilinear coordinates in the
horizontal plane and sigma-coordinates in the vertical dimension allows grid refinement in regions of interest
without sacrificing the advantages of a Cartesian grid.

The basic equations are expressed in a sigma coordinate system:

o= sl 2-1
H+ 1

where H(x,y) is the bottom topography, n (x,y) is the surface elevation and z is the depth varying from n to
-H. The basic governing equations are presented here in Cartesian coordinates to facilitate discussion. The
equations as expressed in curvilinear coordinates may be found in Blumberg and Mellor (1987).

The continuity equation is:

=D 2.9

the x momentum equation is:
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and the y momentum equation is:
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where n is the surface elevation, u and v are the x and y components of velocity, D is the total water depth
D = H + n, w is the transformed vertical velocity (normal to sigma surfaces), K,, is the vertical eddy
viscosity, p is the water density, p, is a reference water density, 7is ¥ the earth’s rotation rate (Coriolis
parameter), and F, and F, are the horizontal viscous terms defined by:
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where A,, is the horizontal eddy viscosity. The parameterizations of K,, and A,, are discussed in Sections
2.3 and 2.4, respectively. The model also solves prognostically for temperature, salt, turbulence kinetic
energy and turbulence macroscale.

ECOM:-si differs from the Blumberg and Mellor (1987) ECOM model in that it uses a semi-implicit scheme
for calculating the free surface, therefore avoiding the gravity wave CFL condition required by explicit
schemes (e.g., Casulli, 1990). This has the advantage that larger time steps may be taken (on the order of
minutes, rather than tens of seconds). A potential disadvantage of implicit schemes is that they more readily
damp free wave motions, butin strongly forced and damped shallow regions such as Massachusetts Bay, the
effect is small. This was determined by halving the time step and observing negligible differences in
simulation results. Another disadvantage is that because the calculation of surface elevation requires solving
alarge matrix equation at each time step and efficient solution of this equation requires positive definiteness,
boundary conditions for elevation must be formulated in matrix form and must not destroy the positive
definiteness of the matrix. We use a combination of clamped and gravity wave radiation conditions on the
open boundary, made possible by the implementation of the partially-clamped formulation of Blumberg and
Kantha (1985) discussed in Section 2.8.



2.2 MODEL GEOMETRY AND BATHYMETRY

The model is configured on a 68 x 68 horizontal curvilinear orthogonal grid (Figure 2-1) with segment (1,1)
in the lower left corner. The grid spacing ranges from approximately 600 m in Boston Harbor to about 6000
m along the open boundary with the Gulf of Maine. The grid extends well offshore of Massachusetts Bay
to allow exchange with the Gulf of Maine inside the model domain, and extends far enough north to include
the Merrimack River, a large source of fresh water to the region. Twelve sigma levels are used in the vertical
dimension. The top three layers are defined at 1%, 4% and 10% of the local water column depth with the
bottom nine layers equally distributed (i.e., each representing 10%) over the remaining 90% of the water
column.

The bathymetry for the model was obtained by interpolating NOAA sounding data on to the model grid
using an inverse distance method. The resulting grid was Shapiro filtered (Shapiro, 1975) to remove 2 grid
length variability, and a maximum depth of 140 m was set to eliminate the deep complex topography
offshore of Massachusetts Bay. The minimum depth was set to 3 m to avoid having segments flood and dry.

2.3 VERTICAL MIXING

The vertical mixing parameterization was the level 2.5 turbulence closure scheme of Mellor and Yamada
(1982) with the extensions by Galperin et al. (1988). An important feature of these extensions include a
length-scale limitation that prevents the mixing length from becoming too large during strongly stratified
conditions. The minimum “background mixing” value, below which the eddy viscosity never falls, was set
to 5x10° m?/s. This value is comparable to the value of vertical mixing observed by Geyer and Ledwell
(1994) from a dye experiment near the new outfall site.

2.4 HORIZONTAL MIXING

The horizontal mixing parameterization used the Smagorinsky (1963) formulation in which the magnitude
of the horizontal mixing is proportional to horizontal current shear. The Smagorinsky coefficient was set
to 0.1, which results in typical horizontal eddy viscosities and diffusivities between 5 -- 20 m?/s over much
of Massachusetts Bay. ldeally, the magnitude of this mixing would simulate processes occurring at scales
smaller than the mesh can resolve. In western Massachusetts Bay the grid cell spacing is 1--2 km, and using
the rule of thumb that 6--8 grid cells motions are the minimum length that are realistically represented, the
model should well resolve mixing processes occurring at scales of 10 km or so. From Okubo (1971), we
expect that observed horizontal mixing at a scale of 10 km should be about 10 m?/s, and at a scale of 1 km
should be about 1 m?/s. Since the model partially resolves shear (and thus produces mixing) at scales
between 1 and 10 km, the ideal mixing level should probably be somewhere between 1 and 10 m?/s.
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Figure 2-1. Hydrodynamic Grid
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In addition to the specified horizontal viscosity, the velocity field was Shapiro filtered every 2 hours to
remove 2 grid length energy. This was necessary to prevent 2 grid length energy along the open boundary
from growing large enough to violate the advective CFL condition. By applying a 4™ order Shapiro filter at
2 hour intervals, the longer wavelength energy is largely unaffected. For example, it can be shown over 20
filter applications (two days of simulation), the amplitude of 6 grid length structure is reduced less than 5%
(see appendix of Signell, 1989).

2.5 SURFACE AND BOTTOM STRESS

The surface wind stress was assumed to be uniform over the model domain and was determined from wind
measurements at the Boston Buoy using the Large and Pond (1981) formulation. Although the scale of the
bay is relatively small compared to most synoptic wind features, there is some wind variability over the bay,
caused in part by local effects such as sea breeze. Wind speed and direction was specified at three hour
increments for input into the model. A gap in the available Boston Buoy data existed for the period of
November 13 to December 1, 1999. Data from Boston’s Logan Airport were used to supplement the
Boston Buoy data.

The bottom stress is determined from the quadratic drag law applied at the point closest to the bed where
there is a velocity estimate. This isin the middle of the lowest grid cell. Because the distance between the
lowest velocity point and the bed varies with location, the bottom roughness length z, is specified at each
location, and then a constant stress layer is assumed so that an effective drag coefficient can be computed
at the velocity point. Currently, ECOMSsi uses a constant z, throughout the model domain. The bottom
roughness length is a calibration parameter that is used to accurately reproduce the tides. For this study, z,
was assigned a value of 0.003 m which is equivalent to a drag coefficient of 2.5x10° at 10 m above the
bottom (which is in turn a typical value used for depth-averaged models of coastal seas). In these runs, the
bottom sigma layer thickness is 10% of the water depth, so the lowest velocity point is 5% of the water depth
above the bed. Within Massachusetts Bay, the maximum distance between the lowest velocity point and the
bed is 4.8 min Stellwagen Basin, where the model water depth reaches 96 m.

2.6 SURFACE HEAT FLUX

The surface heat flux was calculated using techniques described by Weller et al. (1995). The technique
differed somewhat from what Signell et al. (1996) used in the original calibration of the Massachusetts Bay
model. In that effort, the total heat flux, including the short wave radiation, was introduced into the top
sigma layer at each grid location. Using that method, the top sigma layer, which represents only the top one
percent of the water column depth, became too warm during the summer months, as compared to observed
data. Although more than half of the insolation that enters the coastal ocean is absorbed within the top half
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meter of the water column (Rosati and Miyakoda, 1988), the remaining fraction that penetrates through the
water column may have a significant impact of the development of the thermal structure. Martin (1985)
found that modeling simulations are very sensitive to the optical characteristics of the coastal oceans which
varies significantly both spatially and temporally. Simpson and Dickey (1981) demonstrated that proper
parameterization of downward irradiance is crucial to accurate prediction of upper ocean thermal structure.
Following Martin (1985) and Simpson and Dickey (1981), the current study has adopted an innovative
technique of parameterization for the absorption of downward irradiance by specifying what portion of the
total irradiance is allowed to be absorbed in the top layer and what portion is allowed to penetrate through
the water column. Spatially-variable extinction coefficients, developed by HydroQual (1995), have been used
to account for the spatially-variable optical characteristics of Massachusetts Bay.

As part of an earlier water quality analysis, HydroQual and Normandeau (1995) estimated spatially varying
extinction coefficients for Massachusetts and Cape Cod Bays. The extinction coefficients were based on
light transmissivity data collected as part of the Harbor and Outfall Monitoring Program. An analysis of the
light transmissivity data found that higher light extinction coefficients were found closer to shore, in
shallower waters, probably the result of greater sediment resuspension and algal growth. Using these data,
a curve was fitted to the light extinction coefficient as a function of water column depth. The shortwave
radiation penetrating the water column is then controlled via the Equation 2-7.

Irz)=1, e 5= 2-7

where |, is the surface insolation, k, is the extinction coefficient, z is the depth and 1(z) is the insolation at
depth z.

In the version of the heat flux model used for this analysis, the absorbance of shortwave radiation can be
specified in two ways. The modeler can use either of the two methods separately or a combination of the
two methods. In the first method, the modeler can specify the fraction of the total shortwave radiation, that
reaches the water surface, that will be absorbed by the surface layer of the model. Within the framework of
Signell’s model, this is the method that was applied with a fraction of 1.0 assigned to the surface layer. The
heat would then be distributed to other layers via flow and dispersion. In the second method, shortwave
radiation is absorbed based on a spatially variable extinction coefficient.

It was anticipated that a combination of these two methods would be used in this calibration effort.
However, the use of extinction coefficents alone produced good results as will be shown by comparisons
of the model results to vertical temperature data. Therefore, while Signell used a fraction of 1.0 to assign
all the shortwave radiation to be absorbed in the surface layer, a fraction of 0.0 was used in this application
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of the model. This does not mean that no shortwave radiation was absorbed in the surface layer in this
application of the model. Rather, the fraction absorbed in the first layer was controlled by Equation 2-7, and
was dependent on the spatially varying extinction coefficient. The remaining portion of the shortwave
radiation was then absorbed by lower layers in the model.

The heat flux model requires information concerning precipitation, evaporation, air temperature, relative
humidity, atomospheric pressure, shortwave radiation (insolation), wind speed and direction, and a light
extinction coefficient. Due to the lack of evaporation data, precipitation and evaporation were assumed to
offset one another and were set to zero in the model inputs. Wind speed and direction, air temperature, and
barometric pressure were retrieved from the Boston Buoy. Relative humidity data were obtained from Logan
Airport, and insolation data were obtained from the Woods Hole Oceanographic Institution. During periods
where data were missing from the Boston Buoy, Logan Airport data were used in their place. The model
input was specified at three-hour increments. The input is shown in Figure 2-2. The meteorological forcings
to the model were spatially constant over the model domain. Due to the spatially varying extinction
coefficients and spatially varying sea surface temperature calculated by the model, the heat flux varies over
the model domain.

2.7 FRESHWATER INPUT

Freshwater was introduced directly into the model at grid cell locations representing the mouths of the
Merrimack, Charles, Neponset and Mystic rivers, as well as at the existing effluent discharges at Nut and
Deer Islands, and the South Essex Sewerage District outfall in Salem Sound. Flows for the Merrimack and
Charles rivers were obtained from the US Geological Survey. Flows for the Neponset and Mystic rivers were
inferred by multiplying the daily flows from the Charles River by 0.431 and 0.195 respectively, factors
determined from the ratio of the annual average flows. This method was used previously by Signell et
al.(1996). Flows for Nut and Deer Island were obtained from MWRA and the annual average South Essex
plant flow was taken from Menzie-Cura (1991). Figures 2-3 and 2-4 present the input flows. The Merrimack
River is by far the largest source of freshwater in the model domain. High flows are observed in the spring
as well as in June/July 1998 and September 1999. The other rivers have similar seasonal patterns as the
Merrimack River.

The Nut Island discharge was diverted to Deer Island in July 1998 and this change was reflected in the model
inputs. An additional constant discharge of 1.0 m®*/s (Menzie-Cura, 1991) was included to represent the flow
at the South Essex treatment plant. This discharge was not included in previous model calibrations. The
South Essex treatment plant flow was added to improve the flushing of nutrients discharged at this location
in the water quality model.
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2.8 OPEN BOUNDARY CONDITIONS

Open boundary conditions are required for elevation, temperature and salinity. Because the elevation field
at each time step is solved for using a fully implicit scheme, the boundary condition must be specified as part
of the matrix solution for the elevation field. In addition, the matrix solver used in the ECOMsi code
requires the matrix to be symmetric and positive definite, which puts further constraints on the type of
boundary condition imposed. The partially clamped boundary condition of Blumberg and Kantha (1985)
can be shown to satisfy these constraints, and is expressed as:

) M M M
L4 foD = dit 2-8
gt Ve AT T

lag

where n,, is specified from data, and T, is the relaxation time. If T, is very large a pure radiation boundary
condition is approached, and if T, is very small a purely clamped (specified) condition is approached. In
the Massachusetts Bay model, the northern and offshore boundary elevations are clamped while the southern
boundary (perpendicular to the offshore boundary) radiated gravity waves. The values used for elevation
along the northern and offshore boundaries were a combination of M,, N, and S, tidal elevations derived
from the tidal model of Lynch and Naimie (1993) and low frequency fluctuations were developed by the
method described below. The M, tidal elevations obtained from Lynch were used to synthesize S, and N,
constituents by scaling the M, amplitudes by the observed S,/M, and N,/M, ratios at the Boston Buoy and
shifting the S, and N, phases by the amount observed at the Boston Buoy. Low frequency fluctuations in
elevation were obtained from a density driven flow analysis using assigned temperature and salinity boundary
conditions based on a geostrophic balance. A flow normal to the boundary was specified at the 50 m depth.
A reference flow was specified to diminish offshore from 10 cm/s at the coast to 5 cm/s at 50 km offshore
to 0 cm/s 100 km offshore. The justification for this parameterization is that it gives about the right flow
along the 50-100 m isobath, as determined by Vermersch, et al. (1979) and year-round USGS data collected
on Stellwagen Bank.

Temperature and salinity are also specified along the open boundaries. If the flow is directed out of the
domain, the interior values are simply advected out of the domain. When outflow turns to inflow, the water
property values slowly move toward specified values over a defined relaxation time to avoid artificial fronts
from developing. In the Massachusetts Bay model, the relaxation time was specified to vary linearly from
3 days at the most northern boundary cell to 30 days at the southern boundary cell.

The majority of the data used to develop boundary conditions were obtained from the National Marine
Fisheries Service database for Massachusetts Bay and the Gulf of Maine. These data were supplemented
with data from the MWRA Harbor and Outfall Monitoring Program (HOM3) and the
AFMIS/LOOPS/AOSN collaborative effort in Massachusetts Bay conducted in August-October 1998. The
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latter data are found on the Harvard University web site. Figure 2-5 presents an example of the spatial and
temporal distribution of the available temperature and salinity data. The figure displays the period from
January 1998 to April 1998. Also included on the figure is the model grid, and a square 10x10 km grid to
aid in determining the location of stations on the map. Figures showing data availability for the remaining
months of the calibration period can be found in Appendix A. The stations represented by circles are actual
data stations, those represented by triangles (for example in October 1998 at the northern boundary) are
fabricated data stations. Results of the interpolation are presented in Appendix B. These figures present the
temperature and salinity boundary conditions. Boundary condition time one is October 20, 1997, time two
is November 1, 1997. Each time after time two is a period of thirty days later. The three panels would more
properly represent the boundary if placed end to end with each number representing a segment ata particular
standard level. The vertical line in the bottom panel indicates where the model boundary changes from the
north-south direction to the east-west direction.

The temperature and salinity values assigned to the boundary were developed by interpolating the available
temperature and salinity data over space and time using the OAX (version 5) software package, which was
developed at the Bedford Institute of Oceanography. OAX uses optimal linear interpolation (objective
analysis) to estimate data values at grid points (eg., the open boundary) based on data at a finite number of
nearest neighbors. Documentation for the OAX system can be found on-line at http://dformr.mar.dfo-
mpo.gc.ca/science/ocean/coastal_hydrodynamics/oax.html. Output from OAX was generated every 30
days beginning November 1, 1997. If required, OAX can provide output on a more or less frequent basis.
Table 2-1 presents the perceived availability of the temperature and salinity data. The results of the OAX
interpolation were further smoothed by MATLAB using a weighted average. Results of the temperature and
salinity interpolation provided a density field which was used to determine the low frequency changes in the
model boundary elevation as described earlier.

In a previous study, Signell et al. (1996) used the Gulf of Maine Model (GOMM) to specify elevation,
temperature and salinity boundary conditions for the period of October 1989 to December 1992.
Difficulties using the GOMM for the period of 1993-1994 caused Signell to abandon the GOMM approach
in favor of the approach used in this modeling study. As preparation began for the 1998-99 modeling studly,
the OAX interpolation method for specifying boundary conditions was attempted first due to the speed and
simplicity of the method. After the first calibration model run was completed and produced favorable
results, it was determined thatenough data were available to provide boundary conditions, and that the OAX
interpolation method would be adopted for this modeling study in lieu of the GOMM.

During model calibration it was determined that the model results could be improved by modifying the
boundary conditions. Modification of the boundary could be implemented in several ways. One method is
to change how often results are to be generated by OAX interpolation. However, ultimately this procedure
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Table 2-1. Availability of Temperature and Salinity Boundary Condition Data.

Month

Rating

October 1997
November
December
January 1998

+

February

March

April

May

June

July

August

September

October

November

December
January 1999
February
March

April

May

June

July

August
September

October

November

December

+ = good
0 = fair

poor - none

2-14
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is data-dependent and given the paucity of available data, a period of thirty day output was selected. A
second procedure is to change the data sets that OAX uses for interpolation. This recognizes the inherent
limitations of spatial and temporal interpolation of salinity and termperature data. For example, it was noted
that some unusually high surface temperature data in Cape Cod Bay were influencing the estimation of the
boundary data during a data poor period. It is more likely that the Cape Cod Bay temperatures were a
product of local climate and physical affects and should not be used to determine boundary temperature in
the Gulf of Maine. Therefore, they were deleted from the OAX data interpolation data set for that period.
In two instances, data were fabricated during periods when data were sparse. These periods were October-
December 1998, and June-July 1999. Although setting boundary conditions using only “real” data would
have been preferred, the fabrication of data seemed justified based on the paucity of available data during
certain times within the calibration period. If the GOMM were to have been used in lieu of the interpolation
method, a similar degree of uncertainty would have existed during these periods due to the lack of observed
data with which to compare the GOMM model results. A third method for modifying the boundary
conditions depends on setting the reference flow used to determine the geostrophic balance. The 10 cm/s
velocity at the 50 m isobath is based on a year-round average of the velocities. Based on Signell (personal
communication) this velocity could be as high as 15 cm/s. Asis discussed below to improve the calibration
during the period of May through July 1998 this reference velocity was increased to 15 cm/s.

Figure 2-6 presents the boundary conditions for temperature and salinity at two boundary grid cells for the
period of October 1997 to December 1999. The top two panels present temperature and salinity boundary
conditions at depths of 1 and 20 meters at a point 10 km off of the New Hampshire coast. The boundary
conditions are well mixed from October 1997 through February 1998. During March, stratification develops
and there are two periods, April and June, when fresher water enters through the boundary. The greatest
degree of temperature stratification in 1998 occurs during the summer. Water column overturn occurs in
November, with the 20 m depth reaching its highest temperature at this point. The water column is fairly
well mixed with respect to temperature from November to March, however, the salinity boundary condition
is not completely mixed. In the spring and summer of 1999, there is not as much salinity stratification as
estimated for 1998. The surface water at the boundary is warmer in 1999 than in 1998.

The bottom two panels of Figure 2-6 present the temperature and salinity boundary conditions at the 1 m,
20 m and 140 m depths at a point 50 km east of Cape Ann. The boundary conditions here follow a similar
seasonal pattern as were estimated for the northern boundary segment with some notable differences. The
influence of the Maine rivers, located outside the model domain, are not as evident this far offshore. The
surface salinity does not decline as much nor does it change as rapidly. The dip in the surface temperature
that is observed in August 1998 at the more northerly segment is not apparent here. Also, the 20 m
temperature boundary conditions reach their peak earlier, in September, and reach a higher temperature.
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The boundary conditions at the 140 m depth do not vary much during the calibration with temperatures
ranging between 4-8 °C and the salinity hovering around 33 psu.

2.9 TIME STEP

A time step of 207 seconds was chosen for the 1998-1999 period. This time step was chosen based on
previous usage of the model, where time steps ranged from 103.5 seconds to 414 seconds. While a larger
time step could be used for portions of the year, this would have to have been determined through trial and
error and it was determined not to be worth the effort. Although ECOM-si is not restricted by the gravity
wave CFL condition, it is limited by the advective CFL condition.

2.10 SIGMA-COORDINATE CORRECTION

In regions of steep topography, sigma-coordinate models are prone to errors in the calculation of pressure
gradient and horizontal diffusion terms (Beckman and Haidvogel, 1993). Based on previous modeling this
error was reduced in Massachusetts Bay by removing the domain-averaged vertical salinity, temperature and
density profiles, via subtraction, before calculating horizontal differences. Inessence, if you consider density
(for example) at a location to be composed of the mean density plus the deviation from the mean density,
removing the mean allows the derivation to be solved for only the deviation from the mean. This technique
preserves the relative differences within the domain and allows the numerical solution to be calculated with
greater accuracy. The effectiveness of this technique depends on the degree to which the vertical structure
varies over the domain. In domains such as Massachusetts Bay, in which the stratification is nearly uniform
over the region, this technique greatly improves the model comparison to observed data.



SECTION 3

CALIBRATION

31 SALINITY AND TEMPERATURE
3.1.1 Temporal Comparisons

Model inputs were developed for the period of October 20, 1997 to December 31, 1999. The approximate
10 week period, representing the end of 1997 was included to permit model spin-up, i.e., to allow the model
to reach dynamic equilibrium from its initial resting state. The figures included in this section present
surface and bottom comparisons of model computations versus observed temperature and salinity data for
the calibration period. The surface model computation represents the third vertical layer of the 12 layer
model. This third sigma-layer corresponds to the top 4-10% of the water column and corresponds best to
the depth at which the salinity and temperature were recorded. Figures of sigma-t or density are also
included to indicate how well the model reproduces the density differences throughout the water column.
Figure 3-1 presents the MWRA station locations for reference to the calibration figures that follow.

The first series of four figures presents the temperature and salinity calibration for the period of October
1997 through December 1998. Figure 3-2 presents three stations close to the boundary of the water quality
model. At station F26, the northernmost station, the model tracks the bottom salinity fairly well including
the marked decrease in salinity that occurs in late February 1998. At the surface, the model is approximately
1 ppt too high in early February, and again too high in October 1998. However, the model matches the
remaining data points fairly well and reproduces the freshening event observed in June. Further south at
station F27, the model again matches the bottom water salinity fairly well. Surface layer computations appear
too saline in January and February, but match the remaining data quite well. Note, the surface water was not
as fresh in June as was observed at station F26, and the model reproduces this feature well. Near Race Point
(F29), the model does a good job reproducing the temporal trends observed in the data, but appears to be
too fresh in the latter part of the year.

The model reproduces the surface temperature at these three stations fairly well. At F26, the model does not
reproduce the high bottom temperature observed in October, but matches the remaining data points very
well. From the data there appears to be a large gradient between F26 and F27 bottom waters in October.
The model is in fair agreement with the data at F27 with temperatures slightly lower than the data in June,
August and October. At F29, the model matches the surface temperature data quite well, but underestimates
the bottom temperature in June and September. However, the model generally reproduces the observed
seasonal trends in vertical stratification of temperature.
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Figure 3-3 presents model versus data comparisons for three stations located in Boston Harbor and in the
northwestern portion of Massachusetts Bay. At station F31, in Boston Harbor, the observed salinity data
were not strongly stratified except during June. The model reproduces most of the observed data fairly well,
but model computations appear to be too fresh during June, especially in the bottom water. At station NO1,
in the nearfield area, the model does not reproduce the extreme low surface salinity observed in June
although it does compute a 3 ppt decrease in salinity. The model also appears to take longer to recover from
the freshwater event than do the observed data. During the remaining portions of the year the model does
quite well reproducing both the surface and bottom salinities. The same generalities, with respect to the
status of the calibration can be stated for station N10. The model reproduces most of the salinity data fairly
well slightly under predicting the data, but misses the extreme low salinity event observed in June. It is
interesting to note that the average surface salinities of approximately 25 - 25.5 ppt are lower than observed
for the boundary stations, F26 and F27, and are lower than observed in Boston Harbor for the same time
period. This may suggest a large unaccounted for source of freshwater or questionable data.

The calibration to temperature comparison at these three stations is encouraging. The model does
exceedingly well reproducing the markedly different bottom temperatures at all three locations. The model
reproduces the general temporal trends in the surface temperatures but appears to slightly lag in warming
during the spring. The model reproduces most of the Boston Harbor data, but appears to miss a mixing
event that occurred in August.

Figure 3-4 presents model versus data calibration results at three stations, two located more central to
northern Massachusetts Bay and one located towards the middle of Massachusetts Bay. Results for stations
NO04 and NO7 are similar to stations NO1 and N10 in terms of where the model matches the data and where
it misses. Overall, in the bottom waters the temperature calibrations are very good, while the bottom salinity
calibrations are reasonably good at these stations. Atstation F17, the model results are in general agreement
with the temporal trends observed in bottom salinity data but the model appear too fresh in June and
August. At the surface, the model is too saline in January and February and too fresh during the summer
months. The temperature results for the surface at F17 are high with respect to the data during February,
June and August, but fewer data are available for this station, limiting more complete model versus data
comparisons.

Stations found in the southern portion of the model domain are presented in Figure 3-5. The model does
a fair job reproducing the data at station FO7. The model reproduces most of the salinity data, but appears
to be slightly too fresh during the summer months. The temperature data is also fairly well reproduced at
station FO7. Calibration results are presented for the Cape Cod Bay stations, FO1 and F02. In general, the
model reproduces the observed salinity reasonably well, save for some questionable data in June for FO1 and
being too fresh, by approximately 0.25 ppt, during the summer. The model reproduces the bottom
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temperature at the Cape Cod Bay stations. During the summer, the model seems to reproduce the
temperatures at station FO2 quite well, and partially reproduces a large cooling event observed in June at
station FO1 (as well as FO7). However, the model appears to be about 2°C too warm in August compared
to the observed data for FO1.

Water density has been calculated from model results and temperature and salinity data. In terms of
providing input for the water quality model, it is important that the appropriate degree of water column
stratification is computed by the hydrodynamic model. Figure 3-6 presents model versus data comparisons
for sigma-t at six far field stations for the period of October 1997 through December 1998. As would be
expected, where the model compares favorably with data for salinity and temperature, the model compares
favorably with sigma-t. As the overall temporal temperature and salinity calibration is good, the same is true
for sigma-t. Except for overestimating the surface density at stations F26, F27 and F29 during the early
portion of 1998, the model results compare favorably with the estimated sigma-t at the stations near the
Atlantic Ocean boundary of Massachusetts and Cape Cod Bays. At station FO7, the model results compare
favorably with the available data. In Cape Cod Bay (stations FO1 and F02), the model underpredicts the
density at the bottom during July and at the surface in August, but matches the remaining data fairly well.

Model versus data comparisons for sigma-t at two additional far field stations and four near field stations are
presented in Figure 3-7. Again, where the model results compare favorably with temperature and salinity
data, the model results for density compare well with the calculated density data. At station F31, bottom
waters were calculated to be too fresh during June. Consequently, the model underestimates the density
during this period. The model results match the data fairly well during the remainder of the year. At station
F17 the model does a fair job reproducing sigma-t. At stations NO1 and N10, the model misses the extreme
low densities observed in June, and remains stratified for longer than is observed in the data in July and
August. During the remainder of the year the model reproduces the bottom and surface density data quite
well. The model matches the density data at stations NO4 and NO7 very well. Overall the model does a good
job at reproducing the temporal variations in density (and differences between surface and bottom) at all
stations, as well as the density differences between stations.

Figures 3-8 through 3-11 present model versus data comparisons at the same stations for 1999. In general,
the data indicate that 1999 was a warmer and dryer year than 1998. The boundary stations are shown in
Figure 3-8. With respect to salinity, the model overestimates salinity in February and April at stations F26
and F27. However, the model generally reproduces the remaining data. The salinity at station F29 is fairly
well reproduced except perhaps for the recovery from the spring freshet in the surface layer. For
temperature, model computations are slightly cooler (0.1 - 1.0°C) than the observed summer/fall bottom
temperatures. For June 1999, there is an interesting spatial pattern observed in the temperature data.
Although stations F26 and F27 are reasonably close together there is approximately at two degree Celsius
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Figure 3-9. 1999 Salinity and Temperature Calibration at MWRA Stations F31, NO1 and N10
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Figure 3-11. 1999 Salinity and Temperature Calibration at MWRA Stations F07, FO1 and F02
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difference in the surface temperatures. The model, however, computes similar temperatures for these two
stations during June, suggesting that the model greatly underpredicts the temperature at F27. In another
case, the data indicate that the water column is more vertically mixed during October at station F26. The
model does not reproduce this feature. However, at station F27 the data indicate that the water column is
stratified with regard to temperature, and the model agrees well with the observed data.

Figure 3-9 presents the 1999 model versus data calibration for temperature and salinity at the northwestern
stations(F31, NO1, and N10). Less salinity stratification is observed here than was observed in 1998. In
general, the model reproduces the salinity data quite well although the model does slightly (~0.1 ppt)
underestimate bottom salinity for N10. The model generally reproduces the observed temperature data well
including the spatial differences between stations. There is a period in June where the model computes a
marked decline in the surface temperature, which is not apparent in the data. Thiswill be discussed further
with the analysis of the Boston Buoy data.

The central bay (N04, NO7, and F17) stations shown in Figure 3-10 have similar model data comparisons
as the previous figure. The salinity data is reproduced quite well at all three stations. The bottom
temperature is computed to be approximately 0.5 - 1°C too low beginning in June and continuing into
September. Again, the model computes a drop in the surface temperature during June that is not observed
in the data.

Figure 3-11 presents the 1999 salinity and temperature calibration for three of the southern MWRA stations.
The model reproduces the limited bottom salinity data, slightly underpredicting the June data. The model
also calibrates well to the observed temperature data at these stations. The drop in temperature during June
that is computed in the northern and central portions of the model domain is not as apparent in Cape Cod
Bay.

In 1999, the water column did not experience as great a density stratification as was observed in 1998, as
shown in Figures 3-12 and 3-13. The model compares favorably with the density data calculated at the six
far field stations presented in Figure 3-12. The model reproduces the timing and magnitude of stratification
fairly well overall. Inasimilar fashion the model reproduces the density and density differences between top
and bottom for Boston Harbor, the near-field stations and station F17 (Figure 3-13).

3.1.2 Buoy Data

The Boston Buoy and Scituate Buoy provide data on a more continuous basis than the HOM3 sampling
program. Data are collected every 20 minutes at the buoys. Figure 3-14 presents temperature and salinity
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Figure 3-12. 1999 Sigma-t Calibration at MWRA Stations F26, F27, F29, F07, FO1 and F02
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Figure 3-13. 1999 Sigma-t Calibration at MWRA Stations F31, F17, NO1, N10, N0O4 and NO7
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Figure 3-14. 1998 Temperature and Salinity Calibration at the Boston Buoy and Scituate Buoy
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data collected at these buoys in 1998 and compares them to model results. Data were collected at three
depths at the Boston Buoy, 1.0 meter above the bottom, 10 meters above the bottom and 5 meters below
the surface. The water depth at the Boston Buoy is approximately 30 meters. Reliable data at the Scituate
Buoy were measured 1.0 meter above the bottom. The depth at the Scituate Buoy is approximately 23
meters.

At the Boston Buoy, the model compares favorably with the bottom salinity data from January through mid-
May. Beyond mid-May the model tends to under predict the bottom and mid-depth salinity by several tenths
of a ppt. At the 5m depth, the model is on the order of one ppt too fresh during the summer. The bottom
and mid-depth model comparison to the data is very favorable throughout the year. The model is able to
reproduce some of the small time scale changes in the bottom temperature. The model reproduces the mid-
to late-June 5m depth data, but substantially over predicts the temperature during July and August. The
model begins to reproduce the appropriate temperature during September.

Measurements at one meter above the bottom were all that were available at the Scituate Buoy. During the
summer of 1998, the model under predicts the salinity by up to 0.5 ppt, and over predicts the temperature
by 1-2°C. Part of the reason for the inaccuracy of the model my be the depth of the segment that contains
the Scituate Buoy. The model segment here is 18.4m deep whereas the buoy itself is located in 23 meters
of water.

Figure 3-15 presents the temperature and salinity comparisons for model results versus data at the buoys
during 1999. During 1999 more data are available. The water column did not become as stratified with
regard to salinity 1999 as compared to 1998 and the model reproduces this feature. The model over predicts
the salinity during April and a portion of May at the surface. The model under predicts the surface salinity
slightly during June and July. During the remainder of the year the model favorably reproduces the salinity.
The model also reproduces the temperature quite well. The mid-depth temperatures are reproduced quite
well. Except for a period during July and August where the model over predicts the surface temperature,
the model reproduces the surface temperature quite well.

At the Scituate Buoy, the model reproduces the bottom data very well during 1999. The comparison to
bottom salinity is quite good throughout the year. Except for a period in July and August where the model
over predicts the bottom temperature, the model reproduces the bottom temperatures quite well.

3.1.3 RMS Etrror

The RMS error was calculated at 13 of the HOM3 stations for the period of 1998-99 and are shown in Table
3-1. The available data file did not include the sampling time so data were compared to daily averaged model
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Station Surface Bottom Surface Bottom
Salinity Salinity Temperature Temperature
NO1 0.542 0.238 1434 1.055
NO4 0.547 0.223 1.271 0.922
NO7 0.421 0.179 1.245 1.019
N10 0.829 0.321 1.543 0.855
FO1 0.478 0.386 1.162 0.672
F02 0.345 0.281 1.208 1.184
FO7 0.507 0.410 0.655 0.835
F17 0.490 0.237 1.203 0.756
F26 0.629 0.192 0.823 1.328
F27 0.485 0.155 1.344 0.727
F28 0.459 0.381 1.244 1.016
F29 0.700 0.235 0.820 1.078
F31 0.554 0.428 1.312 0.423
Salinity Temperature
e 10m above | 1m above e 10m above | 1m above
bottom bottom bottom bottom
Boston Buoy 0.408 0.393 0.338 1.606 1.246 0.743
Scituate Buoy N/A N/A 0.234 N/A N/A 0.844
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results. Since the far field stations are sampled only six times per year it was decided that annual and seasonal
statistics would not be computed. RMS error for the surface and bottom temperature range from 0.65 to
1.54°C and 0.42 to 1.32°C, respectively. For salinity the model hasand RMS error ranging from 0.34to 0.83
ppt at the surface and from 0.16 to 0.43 ppt at the bottom. The comparisons are generally more favorable
at the bottom where there is less variability in the data.

The same analysis was done at the Boston and Scituate Buoys. The results are presented in Table 3-1. At
the Boston Buoy the model compares more favorably at the bottom than at the five meter level.

3.2 VERTICAL PROFILES

The following set of figures present vertical profiles of salinity and temperature data and model results during
two periods where vertical salinity or temperature stratification is observed. The first period presented is
from the MWRA survey WF987 which was completed in mid-June 1998. During this period, low surface
salinities were observed in the bay. Figure 3-16 presents salinity data versus model comparisons for six far
field stations. Station F26 is the northernmost station where fresh water plumes are observed to enter the
bay. The model reproduces the salinity here fairly well. A little further south at station F27, a freshwater
plume is not as apparent and the model reproduces this feature. The model matches the salinity fairly well
at the other far field stations presented.

Figure 3-17 presents salinity data versus model comparisons at four near field stations and two Cape Cod
Bay far field stations. The two westernmost near field stations NO1 and N10 show a great deal of
stratification that the model does not reproduce. The surface salinity is less than the salinity observed in
Boston Harbor (F31) and at the boundary (F26). The origin of this fresher water could be from either
Boston Harbor or the boundary; the latter because sampling was conducted on separate days six days apart
and there is a time lag between what occurs at the boundary and what is observed in the near field area. In
the more eastern near field area (N04 and NO7), the fresher water is not observed and the model reproduces
the data. Down in Cape Cod Bay, at station FO1, the model underpredicts the salinity.

Vertical profiles for temperature at the same six far field stations as Figure 3-16 are presented in Figure 3-18.
The model versus data comparisons show mixed results. Temperatures are over predicted by the model at
stations F31 and FO7. As the flow exits the bays at F29 the model underpredicts the temperature. The
temperature profiles at stations F17, F26 and F27 are matched fairly well by the model.
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Figure 3-16. Model versus Salinity Data Vertical Profile Comparisons for Six Far Field Stations

in June 1998



Depth (m)

Depth (m)

0.0 i
g,
3, .
%
12.0L °
24.0L
36.0L
48.0L
6 221998
60.0 ) L L A
20.0 230 26.0 29.0 320 350
Salinity (ppt)
o N
80
80
()
%
12.0L °, 4
24.0L 4
36.0L 4
48.0L 4
6 221998
60.0 . 1 A .
200 230 260 290 320 350
Salinity (ppt)

0.0

12.0

24.0

36.0

60.0

200 23.0 260 290 320 350

0.0

12.0

240

36.0

48.0

60.0

200 230 260 290 320 350

6 221998

Salinity (ppt)

FO1

8
%
o
o
o
8
8

oO

6 161998

Salinity (ppt)
Survey WF987

0.0

12.0

240

36.0

48.0

60.0

NO7

500,000%°

6 221998

200 23.0 260 290 320 350

0.0

12.0

240

36.0

60.0

Salinity (ppt)

6 161998

200 23.0 260 290 320 350

Salinity (ppt)

LEGEND

- Model
(@] - Data

Figure 3-17. Model versus Salinity Data Vertical Profile Comparisons for Four Near Field and
Two Far Field Stations in June 1998
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Figure 3-18. Model versus Temperature Data Vertical Profile Comparisons for Six Far Field
Stations in June 1998
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Similarly, mixed results for the model calibration are observed in Figure 3-19. Surface temperatures are
underpredicted by the model at stations NO1, N10 and F02, and over predicted at FO1. The model produces
fair results at stations NO4 and NO7. The data show a greater spatial variation than the model is able to
reproduce.

Figures 3-20 through 3-23 present vertical profiles for temperature and salinity, at the same 12 stations
presented above, for the MWRA survey WF99B completed in August 1999. During this period the bays
were very temperature stratified, but not very stratified with respect to salinity. As shown in Figures 3-20
and 3-21, the model compares favorably at 10 out of the 12 stations, slightly over predicting temperatures
at stations NO1 and N10. The model is able to reproduce the different levels of temperature stratification
observed in Boston Harbor, Cape Cod Bay, and near the boundary of the water quality model.

Figures 3-22 and 3-23 present the vertical profile model versus data comparison for salinity. During this
period the system is not stratified with respect to salinity. The model matches the data very closely at all of
the locations presented.

3.3 CURRENTS

Current velocity data were available at two meter depth intervals from both the Scituate Buoy and the Boston
Buoy. Figure 3-24 presents the wind input to the model as well as data and model results during a well mixed
period (November 1998) at the Scituate Buoy ata depth of 5 meters and a depth of 17 meters. The current
vectors represent two hour averages of the model results and data. During this period the wind direction
was quite variable. The model appears to reproduce the data quite well at both depths in the water column,
reproducing the timing, the magnitude and the direction of the currents. There isstrong coherence between
the observed data, the model results and the wind data. Figure 3-25 presents the 33-hour low pass filter
results for the same period. While the model results are in slight disagreement with the data in the early
portion of the month, during the later portion of the month, the model performs quite well.

During the more stratified period of July 1999, the model had difficulty reproducing the data. Figure 3-26
shows that the current data rapidly change magnitude and direction. The model results have the same
general characteristics. The model also reproduces the difference in magnitude between the currents at the
5 m depth and the 17 meter depth. The 33-hour low pass filtered results presented in Figure 3-27 show the
model has more difficulty reproducing the non-tidal component of the velocity during this stratified period.

Signelletal. (1996) had similar difficulties with his 1989-1991 calibration of Massachusetts Bay. Signell wrote
“The quality of the comparison between modeled and observed currents varies substantially with space and
time. At Boston Buoy, for example, events are frequently well-represented during the winter, but are only
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Figure 3-19. Model versus Temperature Data vertical Profile Comparisons for Four Near
Field Stations and Two Far Field Stations in June 1998
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Figure 3-20. Model versus Temperature Data Vertical Profile Comparisons for Six Far Field
Stations in August 1999
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Figure 3-21. Model versus Temperature Data Vertical Profile Comparisons for Field Stations

and Two Far Field Stations in August 1999
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Figure 3-22. Model versus Salinity Data Vertical Profile Comparisons for Far Field Stations

in August 1999
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Figure 3-25. Comparison Between Current Meter and Model Results after being Filtered by a 33-hour

Lowpass Filter at the Scituate Buoy for Nov. 1998 at 5 and 17 Meters
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Figure 3-26. Comparison Between Current Meter Data and Model Results at the Scituate Buoy

for July 1999 at 5 and 17 Meters
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Figure 3-27. Comparison Between Current Meter and Model Results after Being Filtered by a 33-hour
Lowpass Filter at the Scituate Buoy for July 1999 at 5 and 17 Meters
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occasionally well represented during the summer. As explained in Signell et al. (1994), this is because the
flow regime in winter is largely wind-driven with large spatial scales. Thus small deviations in the structure
or timing of the circulation between the current meter data collected at the Boston Buoy are highly variable
and there is little coherence between the wind and the raw current data. For this reason, only low pass
filtered comparisons are presented for the Boston Buoy.

Figure 3-28 presents the data and model results after applying a 33-hour low pass filter to the November
1998 Boston Buoy data and model results. At the 5 meter depth the model is able to reproduce a number
of the features observed in the data resulting from wind effects. At the 23 meter depth some of the general
features of the data are reproduced by the model, but the model does not compare as favorably as at the
Scituate Buoy.

The 33-hour low pass filtered results for July 1999 are show in Figure 3-29. The model reproduces some
of the features observed in the data towards the end of the month at the 5 meter depth, but does a poor job
in other portions of the month. At the 23 meter depth, the model reproduces the approximate magnitude
of the data, but is often in the wrong direction.

model and reality will not result in large errors at the mooring locations. During the stratified seasons,
however, the spatial scales are considerably smaller due to upwelling, intrusions of Gulf of Maine river water,
etc. Small deviations in the structure or timing during the stratified seasons will therefore result in larger
errors at the mooring locations.”

The remaining current meter calibration figures for each month of the calibration period at both buoys can
be found in Appendices C and D.

The previous analyses have shown that the model is able to reproduce the long-term seasonal events that
are observed in the Massachusetts and Cape Cod Bays Systems. This section will show the model’s ability
to reproduce shorter term mixing and stratification events.

3.4 SHORT TERM EVENTS

Astronomical tides have been considered the major source of mixing energy for destratification processes.
Stratification and destratification as a result of neap-spring tidal mixing have been reported by Ruzecki and
Evans (1985) in the York River estuary. Geyer and Signell (1992) have argued that the effectiveness of tidal
dispersion and mixing depends on the relative scale of the tidal excursion to the spacing between major
bathymetric and shoreline features. They concluded that in estuaries where the typical spacing of
topographic features is less than the tidal excursion, tidal dispersion may contribute significantly to the
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Figure 3-28. Comparison Between Current Meter and Model Results after Being Filtered by a 33-hour
Lowpass Filter at the Boston Buoy for Nov. 1998 at 5 and 23 Meters
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mixing processes. In Chesapeake Bay, Blumberg and Goodrich (1990) have found that wind-driven internal
shear is a more effective mechanism of inducing destratification than turbulence generated at the surface.

In general, wind mixing tends to raise the potential energy of a water column by redistributing the density
gradient over depth and, thereby, altering the horizontal pressure gradient which essentially generates the
gravitational flow. Several studieshave demonstrated that a depth-dependent response to local wind forcing
Is a very effective mechanism in maintaining stratification as well as destratification. Among these studies,
work completed in Chesapeake Bay by Weisberg (1976), Wang (1979), Grano and Pritchard (1982),
Goodrich (1985), Goodrich et al. (1987), and Blumberg and Goodrich (1990), and in Mobile Bay, by Noble
et al., (1996) and Schroeder et al. (1990) are notable.

Several wind driven events have been identified during the two-year simulation period. Three are examined
in this section. The model has been reasonably successful in reproducing these events. A strong mixing
event following a stratified condition was observed on May 10, 1998, as illustrated in Figure 3-30. The
destratification process observed during this period was almost invariably preceded by strong north-northeast
winds that began on May 9, 1998. This mixing mechanism was closely tied with wind-generated internal
velocity shear during a downwelling episode associated with the north-northeast winds as illustrated in Figure
3-31. Figure 3-31 illustrates the event in six sequential snap shots, approximately one day apart, along a
transect indicated in Figure 3-1 during May 8 through May 14, 1998. The color contours and shades indicate
34 hour lowpass salinity and the arrows indicate the 34 hour lowpass currents across the section. The wind
rose diagram indicates the wind speed and its direction. During this period, in the coastal downwelling zone,
anear balance exists between north-northeast wind stress, Coriolis force, and internal pressure gradient. Due
to the onshore currents in the surface layer and compensating offshore currents at depths, a vertical
instability occurred due to the net generation of shear across the pycnocline, causing sufficient mixing to
destratify the entire water column on May 11 and part of May 12 as shown in Figures 3-30 and 3-31. As the
downwelling process continued to set in for several days, a weaker vertical density structure was established
as it tends to bring fresher water downward introducing buoyancy in the lower layer. Consistent higher wind
speeds and the weaker stratification allowed the wind forcing to penetrate deeper into the water column and
complete the full mixing episode, as can be seen in Figure 3-31, on May 12, 1998 at 2:24 hour. The success
of the model in capturing these events is a general indication that the overall circulation in the bay is well
reproduced by the hydrodynamic model.

Itis evident that the mixing events are not permanent in nature, but rather are highly transient. This process
is demonstrated by the quick restratification that occurred when the wind abated or changed its direction,
particularly towards the north or northeast. Such an event can be seen in both the model and observed data
immediately after the complete mixing event that occurred in May 12, 1998 as shown in Figure 3-31.
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Figure 3-30. Model versus Data Comparison during a Wind Mixing Event
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in Figure 3-1 (May 8 - May 14, 1998)
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Beginning mid-day May 12 through May 13, although the wind was consistently blowing towards south and
southwest, its strength was substantially diminished. Beginning early May 14 through May 15, the wind
completely changed its direction towards the north, which marks the onset of the upwelling episodes (Figure
3-32) and reestablishment of the stratification regime. The re-establishment of stratification and, in certain
cases, enhancement of stratification is primarily the result of horizontal advection of more saline offshore
water at depths by the compensating onshore flow and Coriolis force associated offshore flow in the surface.
As shown in Figure 3-32, the model reproduces these events very well.

A major cooling event occurred in June 29 through July 8, 1999 as shown in Figure 3-33. The model and
the observed data both show a drop of about 5°C in temperature during this cooling episode. It is interesting
to note thatalthough the surface salinity variation is not as pronounced as the temperature, however, surface
to bottom salinity differences became smaller during this event and finally became completely mixed on July
9, 1999. While the surface temperature continued to drop during this period, the bottom temperature
remained relatively unchanged. However, the surface temperature quickly recovers between July 6 and 13,
suggesting a significant atmospheric source of heat in the surface mixed layer.

A careful investigation of this cooling event suggests that consistent but relatively weak south-southwest
winds existed until June 27, however, during June 28 through July 3, the wind became significantly strong
with an exception on June 30, when the wind was briefly weaker, and triggered an upwelling episode. The
temperature variation during this period is significantly dominated by this upwelling event. The upwelling
event is characterized by an upward movement of the thermocline, which eventually broke the surface on
July 3, 1999 as can be seen in Figure 3-34. On June 30 and July 1, the wind changed its courses several times
within a day, which caused enormous turbulence to erode the thermocline and deepen the surface mixed
layer. This event mixed the surface water with the cooler lower layer water which resulted in a drop in
surface temperature. This episode is followed by a stronger south-southwest wind for a short period of time
until the wind subsided for next several days. During this weaker wind event the system readjusted itself and
with the continuous source of atmospheric heat, the surface temperature recovered by July 13.

As previously described, the depth-dependent mechanism introduced by wind stress acting on the water
surface is very effective in generating vertical shear, which produces mixing and finally destratifies the entire
water column. Such a mixing event during fall turnover was observed during October, 1999, as shown in
Figures 3-35 and 3-36. Before the turnover event occurred, the wind was predominantly blowing towards
north-northeast between October 1 and 3, 1999 (see Figure 3-35). This caused an upwelling event as
indicated by the upward movement of the isotherm which began to break the surface on October 3 near the
coast as can be seen in Figure 3-36. During the following two days the wind changed its direction and
consistently blew towards the south which triggered a downwelling event. The consecutive upwelling and
downwelling events that occurred within a few days generates enormous internal shear, which is very



Figure 3-32. 34-hour Lowpass Salinity and Currents along a Transect through the Boston Buoy as shown
in Figure 3-1 (May 15 - May 20, 1998)
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Figure 3-33.  Model versus Data Comparison during a Cooling Event
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in Figure 3-1 (June/July 1999)
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as shown in Figure 3-1 (October, 1999)




3-48

effective in eroding the thermocline and deepening the surface mixed layer. Within three days (between day
1.8 and 4.9) the surface mixed layer depth increased by 100% as shown in Figure 3-36. For the next few days
(October 6 through 8) the wind again changed its direction from north-northwest to south (see Figure 3-35).
Thisfrequent change in wind direction of considerable strength would produce tremendous turbulent energy
which penetrates deep into the water column. A permanent mixed layer depth of over 25 meters developed
by October 8 near the Boston Buoy location as shown in Figure 3-36. After the complete mixing event, as
observed in the data on October 9, 1999 (Figure 3-35) the model computed bottom temperature seemed to
be about 1-1/2 degrees lower than the observed data. However, the model was able to reproduce the
temperature 10m above the bottom very accurately, suggesting that the model was able to successfully
reproduce the surface mixed layer.



SECTION 4

SUMMARY

41 CONCLUSIONS

This report presents the calibration of the Massachusetts and Cape Cod Bays Hydrodynamic model for the
years 1998 and 1999. The focus of this effort was to calibrate an existing model to new environmental
conditions, not to develop a new model. However, some modifications were made to the model to enhance
its performance. In the course of model calibration, observations were made that the model computed very
high temperatures in the surface layer during the warmer months of the year. In the original heat flux model,
all of the short wave radiation entering the water column was absorbed in the top one percent of the water
column which caused excessive heating. This prompted a modification to the heat flux code as described
in Section 2.6. This modification allowed more short wave radiation to penetrate deeper into the water
column. Thus, temperatures at the surface of the water column were reduced and the temperatures in the
water column were more accurately reproduced. This was the only change made to the model during this
study.

The calibration procedure was the same as was used by Signell during his 1992-1994 calibration of the
hydrodynamic model although it differed somewhat from the procedure Signell (1996) used for the original
1989-1992 calibration. During the 1989-1992 calibration, Signell used the Gulf of Maine Model (GOMM)
to specify the boundary conditions. Difficulties encountered with the GOMM when calibrating 1993-1994
prompted Signell to develop a new procedure for generating boundary conditions from data using the
interpolation method described in Section 2.8. During that effort Signell also revisited the 1992 calibration
and created a new three-year calibration for 1992-1994. Based on the availability of boundary data and the
success of the 1992-1994 calibration effort, the interpolation method was chosen for the specification of
boundary conditions for the 1998-1999 calibration study.

The calibrated model itself preforms well overall. While day to day variability may not be fully reproduced,
the model reproduces the seasonal trends observed in the data, as well as some of the short-term events.
The model reproduces the temperature data to within 1.54°C based on the RMS error and the salinity data
to within 0.83 ppt. The model does a fair job reproducing the current velocity data at the Boston Buoy and
avery good job reproducing the data at the Scituate Buoy. Based on the analysis of the hydrodynamic model
calibration, the following conclusions can be made:

e 1998 and 1999 are very different years in terms of temperature and salinity and provide a good
test of the model’s flexibility and applicability to year to year variations

» The available meteorological and river gage data were adequate to specify these inputs to the
model
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e The available MWRA, NMFS, and AFMIS/LOOPS/AOSN data were adequate to specify
temperature, salinity and low frequency elevation changes at the boundary

» Modifications to the way solar insolation is distributed vertically in the water column improved
the hydrodynamic model’s ability to reproduce the temperature data

» The hydrodynamic model compared favorably to temperature, salinity and current data for both
of the years 1998 and 1999 despite the differing conditions between the years in Massachusetts
and Cape Cod Bays

e The current hydrodynamic model calibration should be adequate for use as input to the water
quality model.

4.2 RECOMMENDATIONS

The Gulf of Maine has a large influence on what occurs within Massachusetts and Cape Cod Bays in terms
of circulation, stratification, temperature and salinity. Therefore, specifying boundary conditions is an
important part of reproducing conditions within the bays. Itis recommended that additional data collection
efforts be made at the northern boundary in the Gulf of Maine. These efforts can include sampling stations
that are visited regularly, the placement of a buoy to measure currents, temperature and salinity, or a more
coordinated effort with the sampling conducted by the NMFS. Further, the use of sea-surface data from
satellite imagery could be used to help establish boundary data.

As Massachusetts and Cape Cod Bays experience a great deal of year to year variation, it is recommended
that additional years be modeled.
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APPENDIX A
Boundary Condition Data
Station Locations
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APPENDIX B
Boundary Condition Inputs for
Temperature and Salinity
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L 3246 3246 3246 3245 3245 3245 3245 3245 3245 3245 3245 3245 3245 3245 3245 3245 3245 3245
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6.37 652 6.68 6.86
6.44 658 6.74 6.90

661 674 687 I
6.87 G.M
/_7—92/7.09 715 721
704 710 717 7.3
721 727 731

748 752 7.52
7.38

6.95
6.97

.03
7.09
7.19
7.26
7.28
7.31
7.47
7.35

7.07
7.03
7.03
7.04
7.09
7.20
7.26
7.27
7.28
7.44
7.36

7.04
7.05
7.04
7.04
7.08
7.16
7.19
7.18
722
7.41
7.42

7.16
712
711
7.12
7.12
7.12
7.10
7.10
7.15
7.38
7.45

7.28
7.16
7.13
7.13
7.13
7.09
7.07
7.07
7.13
7.35
7.45

T6.47 T83—B087 699

7.23
7.15
7.12
7.12
7.10
7.07
7.05
7.05
711
7.33
7.46
7.12

7.25

7.27
7.44
7.25

7.26

7.19

7.28

7.38

7.36

7.28

6.94
6.95
6.96
6.96
6.95
6.92
6.89
6.87
6.89

7.12
7.42

7.14
7.50

717
7.59
7.78

7.19
7.72
7.92-8.64

8

6.84
6.86
6.86
6.86
6.86
6.84
6.81
6.80
6.84
7.16
7.70
8.01

. 6.83
L 6.82
L 6.82
L 6.82
L 681
L 679
L 677
L 682

6.85
6.82
6.82
6.81
6.81
6.80
6.78
6.76
6.83

6.83
6.81
6.80
6.80
6.80
6.79
6.77
6.76
6.82

6.83
6.80
6.79
6.79
6.79
6.78
6.76
6.75
6.82

682 6.83 6.82 6.82
6.80 6.80 6.79 6.79
6.79 679 6.78 6.78
6.79 679 6.78 6.78
6.79 679 6.78 6.78
6.78 6.78 6.77 6.77
6.76 6.76 6.75 6.75
6.74 6.74 6.73 6.73
681 680 6.79 6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

L 7.1/
L 771
797

7.19
7.73
7.94

7.19
7.72
791

.18
7.69
7.89

117 TI5
767 765 7.62 7.62
787 787 784 784

.1z r.1z

(4
7.62
7.84

712
7.62
7.84

T1Z
7.62
7.84

T1Z
7.62
7.84

I.J.é
7.62
7.84

T1Z
7.62
7.84

T1Z
7.62
7.84

.12
7.62
7.84

7.1Z
7.62
7.84

.12
7.62
7.84

T.1Z
7.62
7.84

.12
7.62
7.84

712
7.62
7.84

. 682
L 679
L 678
L 678
L 678
L 6.77
L 675
L 673
L 679

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

682 682 6.82 6.82
6.79 679 6.79 6.79
6.78 6.78 6.78 6.78
6.78 6.78 6.78 6.78
6.78 6.78 6.78 6.78
6.77 677 6.77 6.77
6.75 6.75 6.75 6.75
6.73 6.73 6.73 6.73
6.79 679 6.79 6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

L 117
L 7.62

T.1Z
7.62
7.84

T1Z
7.62
7.84

T.1Z
7.62
7.84

T1Z
762 762 762 7.62
784 784 784 784

.1z .1z r.1z

7.1Z
7.62
7.84

T.1Z
7.62
7.84

T1Z
7.62
7.84

T1Z
7.62
7.84

.12
7.62
7.84

T1Z
7.62
7.84

T1Z
7.62

(4
7.62

1.1z

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73
6.79

6.82
6.79
6.78
6.78
6.78
6.77
6.75
6.73

6.82
6.79
6.78
6.78
6.78
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N Salinity

.21
2.22

32.32 3232
32.33 32.34
32.34 32.36
32.36 32.37

32.31
32.32
32.33
32.34
32.36
32.38
32.3

32.30
32.31
32.31
32.32
32.33
32.35
32.36

32.30
32.29
32.29
32.30
32.30
32.31

32.26
32.26
32.27
32.27
32.27
32.28
3229 32.32

3215 3
32.18
3219 32.23
32£0 32.23
322

2 32.24
32.24

32.25

32.10
32.14
32.16
32.16

| 3183 3188 3193 3L99 3204
| 31W%6 32.10
| 30037204 3206 3209 3212
| 3204 3206 3208 3210
| 3005 3207 3209 3211
| 3006 3207 3209 3212
| 3208 3210 3212
B 32.14 32.26 3230 32.34 32.37
| 3228 3230 3233 336 32 77
| 32 : 77 3249 3250 3251
| 3257 3257 3258 3258

L 32.58 32.59

32.13

3244 3248
32.48 32.50
3252 3253 3254
3258 3258 32.58
3260 32 60:2632.60

32.45

32.30
32.35
32.37
32.39

32.54
32.55
32.56
32.57

32.32
32.34
32.36
32.38

32.54
32.57
32.58

32.29
32.32
32.33
32.35

32.48
32.54
32.57
32.59

.

32.27
32.29
32.30
32.31
32.35

32.48
32.53
32.58

32.50
32.56

32.67

32.25
32.27
32.29
32.29

32.32

32.47
32.54

32.70

32.53
3260 32 ABE-356+—32-64—32.64—3R620.32.61—32.61
32,61 3263 32.65 3267 32.69 3271 32.72

32.75

32.25
32.27
32.28
32.29
32.30
32.32
32.36

32.51

32.78

41
32.50

32.80

| 32.28
L 3229
L 3229
L 3230
L 3230
L 3231
L 3234

32.30
32.30
32.31
32.31
32.32
32.33
32.36

32.31
32.32
32.33
32.33
32.34
32.35

23

32.33
32.34
32.34
32.34
32.35
32.37

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

ey

| 3243827773243 3245 3245
| 3250 3250 3251 3252 3252
| 32,61 3261—3262—32-62—32-6232.61—32.61—32.61—32.61—32.61—32-61—32-61—32BI632.51
| 3272 3273 3273 3273 3273 3272 3272 3272 3272 3272 3272 3272 3272 3272

3241
32.46
32.53

3241
32.46
32.53

22391

324t
32.46
32.53

32391

322t
32.46
32.53

23291

3221
32.46
32.53

3291

324t
32.46
32.53

3231

324t
32.46
32.53

3291

3;
o241 o541

32.46
32.53

32.46
32.53

322t
32.46
32.53

2261

3221
32.46
32.53

2261

324t
32.46
32.53

2261

322t
32.46
32.53

2261

322t
32.46
32.53

2261

324t
32.46
32.53

2261

324t
32.46
32.53

2261

324t
32.46
32.53

2261

322t
32.46
32.53

2261

3241
32.46
32.53
22 61

32,91

32.72
3281

32.72
3281

32.72
3281

32.72
3231

32.72
3281

32.72
3281

32.72
3281

32.72
3281

32.72
3281

32.72

328132823284

92,00

2.0

22,09
oz

3288

3281

L 3234
L 3234
L 3235
L 3235
L 3236
L 3238

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

3324

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
32.38

B 327T
. 3246
. 3253
L 3264

3241
32.46
32.53

2261

3221
32.46
32.53

2261

32T
32.46
32.53

2261

324t
32.46
32.53

2261

3241
32.46
32.53

2261

3241
32.46
32.53

2261

324t
32.46
32.53

2261

322t
32.46
32.53

2261

322T
32.46

32.53
32.6131

32T
32.46
32.53

 B261

328%
32.46
32.53

2261

3241
32.46
32.53

2261

32T
32.46
32.53

2261

3241
32.46
32.53

2261

32T
32.46
32.53

2261

32T
32.46
32.53

2261

32T
32.46
32.53

22 Rl

L 3272
L 3284

32.72
3281

32.72
3281

32.72
3281

32.72
3231

32.72
3281

32.72
3281

32.72

32.72

32.72

32812532.81—32.81

32.72

32.72

32.72

32.72

-32-81—32,81—32.81—32.81

32.72

32.72

3241
32.46
32.53

324T
32.46

oL.41

32.34
32.34
32.35
32.35
32.36
32.38

32.34
32.34
32.35
32.35
32.36
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Temperature

. 380

| 384 M
I 4.00/4.13

L 403
L 410
L 438

3.94

4.18
4.25
4.37
4.42

4.06
4.18
4.25
4.29
4.34
4.43
4.47

4.16
4.29
4.36
4.39
4.43
4.50
453
4.53

4.30
4.41
4.47
4.49
4.52
4.57
4.60
4.60

4.44
453
457
4.59
4.61
4.64
4.67
4.68

459
465
467
468
470
472
4.74
4.76

4.73
4.76
4.71
4.77
4.79
4.81
4.83
4.85

488 4. -
543 547 550 554

5.86

4985 502
5.05
5.07
5.10
5.16

5.87

5.40
5.63
5.83
5.89

5.23
5.30
5.36
5.47
5.65
5.81
5.90

5.07
5.10
5.12
5.16
5.23
5.33
5.41
5.47
5.55
5.66
5.79
5.87

5.10
515
519
523
5.32
5.44
553
5.59
5.63
5.70
5.79
5.86

5.09
5.19
5.24
5.29
5.39
5.53
5.64
5.69
5.72
5.76

5.14
521
5.25
5.31
5.41
557
5.69
5.75
5.79

517
521
5.26
5.31
5.41
557
5.70
578
5.83
5.84

5.19
5.24
527
531
541
5.56
5.69
5.79
5.88
5.90
5.92

5.22
5.26
5.29
5.32
5.40
5.53
5.66
5.80
5.92

5.9 .06 6.13
‘03 616 629 642

523 526 529
528 530 5.32
530 532 533
533 534 534
539 538 538

549 5.46
562 558
579 577

5.43
5.55
574

595 5.96

531
5.33
5.34
5.35
5.37
5.41
5.52
5.72

5.35
5.35
5.35
5.35
5.37
5.40
5.50
5.70

596 59 594

619 6.23 6.26

6.24 640 6.58

6.52
6.74

6.58
6.81

. 539
. 537
L 537
L 537
. 538
L 541
. 550
L 569
L 594

5.42
5.41
5.41
5.42
5.43
5.46
5.54
571
5.95

5.46
5.45
5.46
5.47
5.48
551
5.59
5.74
5.96

5.48
5.48
5.49
5.49
551
5.54
5.62
5.77
597

5.49
5.49
5.50
551
5.52
5.56
5.64
5.78
597

5.48
5.49
5.50
5.51
5.52
5.56
5.64
5.79
5.97

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
552
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
552
5.56
5.64
579
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

548 548 548
549 549 549
549 549 549
550 550 5.50
552 552 552
556 556 5.56
564 564 564
579 579 579
596 596 5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

L 628
L 6.62
6.86

6.29
6.66
6.93

6.30
6.67
6.96

6.28
6.64
6.93

6.26
6.61
6.89

6.24
6.58
6.86

6.22
6.55
6.84

6.22
6.55
6.84

6.22
6.55
6.84

6.22
6.55
6.84

6.22
6.55
6.84

6.22
6.55
6.84

6.22
6.55
6.84

6.22
6.55
6.84

6.22
6.55
6.84

6.22
6.55
6.84

6.22
6.55
6.84

6.22
6.55
6.84

6.22
6.55
6.84

6.22
6.55
6.84

622 622 6.22
655 655 6.55
684 6.84 6.84

6.22
6.55
6.84

6.22
6.55
6.84

. 548
L 549
L 549
L 550
L 552
L 556
. 564
L 579
L 596

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
579
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
552
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79

5.48
5.49
5.49
5.50
5.52
5.56
5.64
579
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
552
5.56
5.64
579
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

5.48
5.49
5.49
5.50
5.52
5.56
5.64
5.79
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5.49
5.49
5.50
5.52
5.56
5.64
5.79
5.96

L 622
L 655

6.22
6.55
6.84

6.22
6.55
6.84

6.22
6.55
6.84
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6.22
6.55
6.84
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31.30
31.32
31.35
31.38
31.42
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3134
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3.36
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3.45
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351
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3.40
3.41
3.42
3.43
3.45
3.48
3.52

3.46
3.43
3.43
3.44
3.45
3.47
3.52
3.79

353 359 365 373 379 38 390 394 382 37 374
349 355 362 369 376 383 389 394 391 39 -

348 354 361 368 376 383 390 39 3.9 403 428
3.49 411 437
3.50 421 448
352 429 455
3.56 448 470
3.85
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4.85

588 589 590 587 581 581

4.35
432
4.40
4.50
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4.67
4.79

4.37
434
4.38
4.47
4.57
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4.46
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446
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4.49
438
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4.41
4.42
4.52
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4.69

5.26
5.63
5.86
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5.72

4.66
4.60
4.60
4.68
4.78
4.87
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5.76

5.45
5.76

4.79
4.86
4.88
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4.96

5.16
5.44
5.74

4.90
4.89
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4.93
4.96

5.13
5.40
571

593 5975 601—6-86—6-06

6. 13 617 618 626 637 642

6.39

6.24

6.38

6.56

6.63

L 4.87
L 4.88
L 4.90
L 4.93
L 4.97
L 5.10
L 5.37
L 5.68
6.04

4.84
4.83
4.83
4.85
4.88
4.94

4.84
481
4.81
4.83
4.86
4.92

4.83
4.81
4.80
4.83
4.86
4.92

483 483 483 483 483 483 483 483 483 483 483
481 481 481 481 481 481 481 481 481 481 481
480 480 480 480 480 480 480 480 480 480 480
483 483 483 483 483 483 483 483 483 483 483
486 487 487 487 487 487 487 487 487 487 487
492 492 492 492 492 492 492 492 492 492 492

4.83
4.81
4.80
4.83
4.87
4.92

4.83
4.81
4.80
4.83
4.87
4.92
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4.81
4.80
4.83
4.87
4.92

4.83
4.81
4.80
4.83
4.87
4.92

4.83
4.81
4.80
4.83
4.87
4.92

4.83
4.81
4.80
4.83
4.87
4.92

4.83
4.81
4.80
4.83
4.87
4.92

4.83
4.81
4.80
4.83
4.87
4.92

4.83
4.81
4.80
4.83
4.87
4.92

4.83
4.81
4.80
4.83
4.87
4.92

5.09
5.36
5.64
599

5.08
5.36
5.62
596

5.08
535
5.61
5.94

508 507 506 506 506 506 500 b5U6 b.Ug 2.U0o  5.Ub
534 533 532 532 532 532 532 532 532 532 532
560 558 557 557 557 557 557 557 557 557 557
591 58 58 58 58 58 58 583 583 58 58

0.Ub
532
557
5.88

2.Ub
5.32
5.57
5.88

2.Uo
532
557
5.88

2.Ub
532
557
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5.32
5.57
5.88
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532
5.57
5.88
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5.57
5.88
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557
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5.57
5.88
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5.32
5.57
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6.76
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6.27
6.55
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4.87
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4.87
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483 483 483 483 483 483|483 483 483 483 483
481 481 481 481 481 481|481 481 481 481 481
480 480 480 480 480 480|480 480 480 480 480
483 483 483 483 483 483|483 483 483 483 483
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492 492 492 492 492 492|492 492 492 492 492

4.83
4.81
4.80
4.83
4.87
4.92

4.83
4.81
4.80
4.83
4.87
4.92

4.83
4.81
4.80
4.83
4.87
4.92

4.83
4.81
4.80
4.83
4.87
4.92

4.83
4.81
4.80
4.83
4.87
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4.81
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4.83
4.87
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5.57
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5.88

L 6.27
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6.27
6.55
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6.27 627 627 627 627 627|627 627 627 627 627
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5.88
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5.88
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557
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31.63
31.64
31.68
31.76
31.90

31.37
31.48
31.58
31.63
31.64
31.65
31.69
31.78
31.94

12 3215 3217
222
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31.34
31.42
31.47
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3.43
3.20
311
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Z.I1
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321
311
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6.73
6.50

. 6.86
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6.54

6.83 6.83
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5.14
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4.76
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453
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453
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453
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474
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5.86

5.30
5.87

5.30
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5.87
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5.85

5.28
5.85

5
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5.85
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5.85

5.28
5.85
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5.85

6.33

6.34

6.36

6.33

6.32
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6.30

6.30

6.30

6.30
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6.11
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5.64
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5.14
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30.92

30.66
30.68
30.76
30.92
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30.92

30.59
30.63
30.72
30.92
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30.83

30.53
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31.25
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31.13
31.32
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31.15
31.33
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31.35
31.46
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31.37
31.47

31.17 3116
31.38 31.39
31.4

3114
31.39

ol.1Z
31.39

310
31.40

3141

30.61
30.63
30.69
30.83

31.42

31.44

3135

30.72
30.76
30.81

3116
31.46

30.78
30.82
30.88

31.20
31.48

30.83
30.88
30.95

31.23
3149

30.86

30.92

31.09
31.26
3150

3113
31.29
3451

5y
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. 3157 3158 31.60 31.61 31.63 31.65 31.68

2.15

332
L 3238 32.36 32.35 32.34 32.34332;%2.36 32.39 3243
L 3259 3257 3255 3254 3252 3252

4

3156
31.70

31.58
31.73

31.61
31.76

31.63
31.79

31.65
31.81

31.66
31.82

31.67
31.83

31.67
31.84

31.68
31.84

31.9723200

3232

2204

290
v o)

BAL,
SZ:U0 o2 UT o5Z.1U
3822

oSz 11

3211

32.36

32,39
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32.44

3244

3265—3269—3773 3275 PIBaii Tl 3217

3294 33:04—33-84—33050-33.07

| 30.90 30.88 30.90 30.86 30.83 30.80
L 3097 3096 30.94 30.92 30.90 30.87
. 31.05 31.0 ; - 30.98

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77 30.77
30.85 30.85
30,96, 30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

L 3115
L 3131
3151

31.15
31.31
3151

3114
31.30
2151

3114
31.30
2151

3113
31.30
2151

3112
31.29
2151

31.10
31.29
3150

31.10
31.29
3150

31.10
31.29
3150

3110
31.29
3150

31.10
31.29
3150

3110 31.10
3129 31.29
31 5G¢1531.580

31.10
31.29
3150

31.10
31.29
3150

3110
31.29
3150

3110
31.29
3150

31.10
31.29
3150

31.10
31.29
3150

3110
31.29
3150

3110
31.29
3150

31.10
31.29
3150

31.10
31.29
3150

3110
31.29
31.50

| 31.68
L 3184

31.67
31.84

31.67
31.84

31.67
31.84

31.67
31.84

31.66
31.84

31.66
31.83

31.66
31.83

31.66
31.83

31.66
31.83

31.66
31.83

31.66 31.66
31.83 31.83

31.66
31.83

31.66
31.83

31.66
31.83

31.66
31.83

31.66
31.83

31.66
31.83

31.66
31.83

31.66
31.83

31.66
31.83

31.66
31.83

31.66
31.83

L 3217

o5l.12

32.12

32.15

32.15
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352,12

52,12
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22 45,
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L 3278 32,78 32,78 32.78

32.78
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33:68
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32.46,,32.76
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L 30.77
L 30.85
L 30,96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96

30.77
30.85
30.96
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31.97
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31.67
31.77
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31.63
31.67
3177
31.97
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31.63
31.67
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31.57
31.63
31.67
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3384,31.97
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31.63
31.67
3177
31.97
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31.63
31.67
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31.97

31.57
31.63
31.67
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31.97
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31.63
31.67
31.77
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31.63
31.67
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31.63
31.67
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31.63
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32.78 32.78 32.78

32.78

32.78

32.78
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32.78
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32.78

3157
31.63
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| 1182 11.79 11.75 11.73 1175 11.75 1169 11.58 1143 1141 1 001211100 1100 10.9 1156 _12.49 12.69 12.95&313 E34 -
. 1144 1120 1118 11.11 1098 10.0] 10.74 10.70 10.69 10.69 10.69 10.69 10.72 0 11.30 1T 12,16 1240 1260
| 1038 10.13 1008 997 —975—9F—BFH—9F—9TO—9T—OFO—9 B8 —566 'Y; ; ; ; - : 08,1135 11 79 |
| 8.64—83 _886—873—855 B8d3 843 84/ 847 8A3 84/ 847 845 8. . . . ; . ; 0.14 1045 10 1115 |
. 838801 704——+84—773 769 [bJ 708 7b8 768 708 709 770 T . . . 1 10.27 1048 10.69 |
L 692 706 /O3 602 583 697 687 697 697 697697 6583 56.80— 5791 5.91 5.91 X 10.12 i
L 635 624 619 619 619 619 618 618 618 618 619 620 620 621 6.20 . . . : . 938 |
L 6.00 6.00 6.00 600 6.00 6.00 600 600 600 600 600 600 600 \ . ; . . 835 |
L 6.00 6.03 6.06 6.07 607 608 609 610 611 613 6.14 . . 733
L 6.04 612 617 620 622 625 628 630 633 635 638 . ) 83
L 624 626 628 630 632 635 6.37 6.38 650 655 657 658 659 659 660 ]
L 622 622 622 622 622 6.22 631 631 631 631 631

| 1350 13.65 13.78 13.95_14.19 1424 1426 1426 1426 1426 1426 1426 14.26 14.26 ]ﬁAZG 1426 1426 1426 1426 1426 1426 1426 1426 1426 1426 ]
L 127622 1307 1322 1335 1346 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 ]
L 11 12.11 1224 1233 1242 1252 1759 IZ59 IZ59 1259 1259 IZ59 J.Z.é@ 1259 1259 1259 1259 1259 1259 1259 1259 1259 1259 1259 1259 ]
| 1134 1148 1159 1166 IL72 tH7—3+84—34-04—43-04—34-04—34-04—33-04—34- BA2—3-4-04—33-04—34-0d—3-4-0d—3-4-0—4-3-0d—3-4-04—3-4-04—44-0d—3-4-04—3-4-04—43- -
L 108+~-1090 1106 1110 1112 1116 1118 1118 1118 11.18 11.18 11.18 11,18, 11.18 1118 11.18 11.18 11.18 11.18 1118 1118 1118 1118 11.18 11.18 ]
L 1026 10.33 10.35 10.32 1028 10.26 10.23 10.23 10.23 10.23 10.23 10.23 10.23, 10.23 10.23 10.23 10.23 10.23 10.23 10.23 10.23 10.23 10.23 10.23 10.23 ]
L 948 952 949 941 932 924 917 917 917 917 917 917 917, 917 917 917 917 917 917 917 917 917 917 917 917 |
L 842 843 840 832 824 816 809 809 809 809 809 809 8@ 809 809 809 809 809 809 809 809 809 809 809 809 ]
L 73 73 734 730 726 721 717 717 717 717 717 117 7.lZ % Ay % v A e v A O v A A 8¢ A O A O A 5 VA 5 VA O VA A VA
L 6.84—6 8683 68Z 0S8l 0./9 678 678 678 678 678 678 678 678 678 678 678 678 678 678 678 678 678 678 678 J
L 6.60 6.60 659 659 659 658 658 658 658 658 658 658 658 658 658 658 658 658 658 658 658 658 658 658 658
631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 631 J

| 1426 1426 1426 1426 1426 1426 1426 1426 1426 14.26|14.26 14.26 2&211.426 1426 1426 1426 1426 1426 1426 1426 14.26 14.26 14.26 14.26 -
. 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354|1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 1354 -
L 12591259 1259 1259 17259 1259 1259 1259 1259 12591259 1259 ﬁ.by
L 1118 1118 1118 11.18 1118 1118 1118 1118 1118 11.18]11.18 1118 1118 1118 1118 11.18 1118 11.18 1118 1118 1118 1118 11.18 11.18 -
L 1023 10.23 10.23 10.23 10.23 10.23 10.23 10.23 10.23 10.23]10.23 10.23, 10.23 10.23 10.23 10.23 10.23 10.23 10.23 10.23 10.23 10.23 10.23 -
L 917 917 917 917 917 947 917 917 917 9171917 947 917 917 917 917 917 917 917 917 917 917 i
. 809 809 809 809 809 809 809 809 809 809]| 8@z 809 809 809 809 809 809 809 809 809 809 -
. 7 717 717 vy 71y vair viy vir oviry 7Av |\ 71y 717 717 717 717 717 717 717 717 717 -
L. 678 678 678 678 678 678 678 678 678 678|678 678 678 678 678 678 678 678 6.78 -
. 658 658 658 658 658 658 658 658 658 658)658 658 658 658 658 658 658 -
L 631 631 631 631 631 631 631 631 631 631]631 631 631 631 -
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932 921 0912 99.05 9.05 89 892 882 874 868 863 861 860 854 858 862 865 867 895 914 972 997 1056 10.83 Q.OS

9.16/8,98/8.8/7 878 870 858 838 812 800 790 797 79s 7905 794 803 823 836 839 867 o47 1031 10.63 1093

871 850 836 823 812 m7.13 713 713 712 711 7P9, 720 745 7.60 RR?. 9.56 SQ 4410.22 10.56

7.W.32 6, 52 632 632 632 631 630 630 638 65 2 - 932 9.6 4

783 752 734 720 7.07__6- 664 620 600 600 600 600 600 600 605 617 626 6.30 9.30

716 7.07 ; 6.76 6.69 648 6.15 6.00 600 600 600 600 600 602 606 610 615 6.36 »97

663 656 651 648 645 633 611 6.00 600 600 6.00 600 600 600 6.00 601 603 622 8.83

628 628 626 619 6.06 600 600 600 600 600 600 600 600 600 600 6.16 8.21

6.14 615 614 613 614 614 615 615 616 616 617 617 618 626 7.29

6.27 634 638 640 642 644 645 646 647 648 649 651 654 . 81

652 653 654 655 655 656 656 6.56 658 658 659 659 6.60 6.60 6.60

6.44 643 643 642 641 641 632 632 632 632 6.32

1128 1148 11.69 11.87 12.04 1219 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234
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10.26 10.49
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731 732 733 733 731 730 728 728 728 728

728 728 728 728 728 728 7728 728 728 728 728 728 728 728

6.82 082 ©82 ©08Z ©BI bBl 08U 6bBU boU 0.0
660 6.60 6.60 660 660 660 6.60 660 660 6.60
632 632 632 633 633 633 633 633 633 6.33

68U b.oU 680 bl b.eU b8l b.oU b6bdU bdU b.oU b6dU b.cU 6.8U0 ©.6U
660 660 660 660 6.60 660 660 660 660 660 660 660 660 6.60
633 633 633 633 633 633 633 633 633 633 633 633 633 633

12.34 1234 1234 1234 1234 1234 1234 1234 1234 1234
12.34 1234 1234 1234 1234 1234 1234 1234 1234 1234

1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 12.34

1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 1234 12.34

8.7 8T8 7687687687080 870870870
865 865 865 865 865 865 865 865 865 865
818 818 818 818 818 818 818 818 818 818

728 728 728 728 728 728 728 728 728 728
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6.60 6.60 6.60 6.60 660 660 660 660 660 6.60
633 633 633 633 633 633 633 633 633 633
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32,00
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31.98 31.97 3197 3196 31.95 31.94
31.98 31.97 31.96 31.96 31.95 31.94
31.98 31.97 31.96 31.96 31.95 31.94
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3217 3216 3213 3211 3210 32.09

31.99
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32.04
32.18
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S2.05
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3295 3295 3295
3291 3292 3292
32.84 32.84 32.85
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31.89
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31.93
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31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88
31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88 31.88
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32:25~3220 3215 3213 3213 3213 3213 3213 3213 3213 3213 3213 3213 3213

323,
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32:
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31.88 31.88 31.88 31.88 31.88 31.88 31.88
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Temperature

. 638
. 6.00
L 6.00
L 6.00
L 6.00
L 6.00

6.34
6.09
6.00
6.00
6.00
6.00
6.00

6.33
6.06
6.00
6.00
6.00
6.00
6.00

6.00
6.02
6.00
6.00
6.00
6.00
6.00
6.00

6.00
6.00
6.00
6.00
6.00
6.00
6.00
6.00

6.00
6.00
6.00
6.00
6.00
6.00
6.00
600

6.00
6.02
6.00
6.00
6.00
6.00
6.00
600

5.95

6.31
6.53

6.27
6.05

6.28
6.07
6.00
6.00
6.00
6.00
6.00
6.00
0
6.11
6.35
6.52

6.35
6.08
6.00
6.00
6.00
6.00
6.00
6.00
6.01
6.13
6.36
6.52

6.38
6.09
6.00
6.00
6.00
6.00
6.00
6.00
6.01
6.14
6.37
6.51

6.40
6.15
6.04
6.01
6.00
6.00
6.00
6.00
6.02
6.16
6.38
6.51

6.42
6.26
6.13
6.03
6.00
6.00
6.00
6.00
6.03
6.17

6.44
6.34
6.19
6.05
6.00
6.00
6.00
6.00
6.03

6.45
6.37
6.22
6.06
6.00
6.00
6.00
6.00
6.04
6.21

6.62
6.53
6.37
6.20
6.12
6.11
6.10
6.08
6.10
6.25
6.43

6.77
6.69
6.52
6.34
6.24
6.22
6.20
6.16
6.16
6.30
6.44

694 710 725 740 755

6.85

6.67 6.82 b

6.47
6.36
6.33
6.30
6.24
6.22
6.34
6.46
6.46

6.61
6.48
6.44
6.40
6.32
6.28
6.37
6.47
6.45

715 729 743
77.10 7.24
6.75 6.%8\102
6.60 6.73 6.85
6.55 6.66 6.77
6.50 6.60 6.70

6.41
6.33
6.40
6.48
6.44

6.49
6.38
6.42
6.48
6.43

6.57
6.43
6.43
6.48
6.42

6.71
6.52
6.48
6.38

8.44
8.29
8.16

8.49
8.33
8.16

8.49
8.33
8.16

8.49
8.33
8.16

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

816 816 816 816 816 816
8 PGSO ST~~~ T~ G- Oe—F-O—F-04

7.68
752
7.40
, 7.13

7.68
7.52
7.40
7.13

7.68
7.52
7.40
7.13

7.68
7.52
7.40
7.13

7.68
752
7.40
7.13

7.68
7.52
7.40
7.13

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

816 816 816 816 816 816

7.68
7.52
7.40
7.13

7.68
752
7.40
7.13

7.68
752
7.40
7.13

7.68
7.52
7.40
7.13

7.68
7.52
7.40
7.13

7.68
752
7.40
7.13

6.8T
6.56
6.49
6.39

6.80
6.58
6.50
6.39

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

. 849
. 833

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

8.49
8.33

. 816 816 816 816 816 816 816 816 816 816

816 816 816 816 816 816 816 816 816 816 816 816 816 816

L 7. ST T T ST T T 9—7-94

L 7.68
L 7.52
L 7.40
L 7.13

7.68
7.52
7.40
7.13

7.68
752
7.40
7.13

7.68
752
7.40
7.13

7.68
7.52
7.40
7.13

7.68
7.52
7.40
7.13

7.68
752
7.40
7.13

7.68
752
7.40
7.13

7.68
7.52
7.40
7.13

7.68
7.52
7.40
7.13

7.68
752
7.40
7.19

7.68
7.52
7.40
7.13

7.68
7.52
7.40
7.13

7.68
752
7.40
7.13

7.68
7.52
7.40
7.13

7.68
7.52
7.40
7.13

7.68
7.52
7.40
7.13

7.68
752
7.40
7.13

7.68
7.52
7.40
7.13

7.68
7.52
7.40
7.13

L 677
L 657
L 649
L 640

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49
6.40

6.77
6.57
6.49

6.77
6.57
6.49

6.77
6.57
6.49

6.77
6.57

6.77
6.57

6.77

7.68
752
7.40
7.13

7.68
752
7.40

7.68 7.68
7.52
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Salinity

3218 32 3224 3229 3230 3229 3230 3229 3229 3229 3233 3234 3233 3235 3236 3237 3238 3239 3240 3240 3241 3241 32.39
3200 32.05 32.05 32.06 3206 32 - . 32.07 3207 32.07 3207 32 " 3227 3234 3235 3236 32.38 32.39 40 3241 3241 3241
32.00 32.00 32.00 32.00 32.00 32.07 3213 32.07 3200 3200 32.00 32.00 32.00 32.08 $2.25 32.34 3235 3236 32.38 32.39 3240 3241 3241 3241
32.00 32.11 32.05 32.05 32.05 3% 732.28 32.37322;;238_3240—&. 3242 3242 3243 3243 3243 3243
32 - - - - 29 3 2.47 3248 3250 3251 3250 3250 3250 3250 3250 32.50
3280 3250 3250 3250 3250 32.52 3253 gz%’é”‘%gu 3250 3250 3250 3250 32.53 - " - ; 2 32632262 3251 3260 32.59

3276 3277 _32.77 3277 3277 3275 3276 32.77 3277 32.77 32.77 32.77 327833281 328232823282 3080 3279 32.77 3275 3272 32.70 32.68

3295 3295 3292 3290 3292 3295 3295 3295 3295 3295 3294 3294 3295 3294 3294 3292 3289 3287 32 2.79 32.76
3292 3290 3292 3295 3295 3295 3295 3295 3295 3294 3294 3294 3294 3293 3291 3289 3288 3286 32.84 .83

3291 3291 3292 3292 3292 3293 3293 3292 3292 3292 3292 3291 3291 3291 3291 3291 3291 3292 3292
3311 3311 3311 3311 3311 3311 3311 3311 33:04—33:04—33-03—3308 483043305 33.06
33.43—3344—33-44—33.432433.43-33.43 3321 3320 3320233213321

3239 3240 3242 3240 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239
32,40 3ZM3Q 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 32.39
32%; 3239 3239 3239 3239 3238 3238 3238 3238 3238 3238 3238 3238 3238 3238 3238 3238 3238 3238 3238 3238 3238 3238 3238
3242 324T 38540~ 30T 304T~8240 3240 3240 3240 3240 3240 3240 3240 3240 3240 32 4028240 3240 3240 3240 3240 3240 3240 3240 3240
3249 3246 3246 3246 3245 3244 3244 3244 3244 3244 3244 3244 3244 3244 3244 3244 3244 3244 3244 3244 3244 3244 3244 3244 3244
3257 3254 3253 3253 3252 3250 3250 3250 3250 3250 3250 3250 3250 3250 3250 3250 3250 3250 3250 3250 3250 3250 3250 3250 3250
32,66 3 3257 3256 3255 3255 3255 3255 3255 3255 3255 3255 3255 3255 3255 3255 3255 3255 3255 3255 3255 3255 3255
32,73 32.70 32.65 . . . . . . . 59 532.50 3250 3259 3259 3259 3250 3259 3259 3259 3259 3259 32.59
3281 _32.78 32.74 3272 3272 3271 3271 3271 3271 3271 3271 3271 32;]}.? 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271
3293 3293 3293 3293 3293 3294 3294 3294 3294 3294 3294 3294 3294 3294 3294 3294 3294 3294 32.94 3294 3294 32.94 32.94 32.94 32.94

33.08 3310 3310 3311 3311 3311 3312 3312 3312 3312 3312 3312 3312 3312 3312 3312 3312 3312 3312 3312 3312 3312 3312 3312 3312

3239 3239 3239 3239 3239 3239 3239 3239 3239 3239(3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 32.39
3239 3239 3239 3239 3239 3239 3239 3239 3239 3239(3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 3239 32.39
32,38 3238 3238 3238 3238 3238 3238 3238 3238 3238|3238 3238 32.38 3238 3238 3238 3238 3238 3238 32.38 32.38 32.38 32.38 32.38
3240 3240 3240 3240 3240 3240 3240 3240 3240 324013240 3040 34003240 3240 3240 3240 3240 3240 3040 3240 3240 3240 3240
3244 3244 3244 3244 3244 3244 3244 3244 3244 3244|3244 3244 3244 3244 3244 3244 3244 3244 3244 3244 3244 3244 3244 3244
3250 3250 3250 3250 3250 3250 3250 3250 3250 32503250 3250 3250 3250 3250 3250 3250 3250 3250 3250 3250 3250 32.50

3255 3255 3255 3255 3255 3255 3255 3255 3255 3255(3255 3255 3255 3255 3255 3255 3255 3255 3255 3255 3255 3255

3259 3250 3259 3259 3259 3259 3259 3259 3259 32.50] 3256343259 3259 32.59 3259 3259 32.59 3259 3259 32.59 32.59

3271 3271 3271 3271 3271 3271 3271 3271 3271 32.711 W3;22.71 3271 3271 3271 3271 3271 3271 3271 3271 3271

3294 3294 3294 3294 3294 3294 3294 3294 32.94{12“3“2.94 3294 3294 3294 3294 3294 3294 3294 3294 3294

3312 3312 3312 3312 3312 3312 3312 3312 3312 3312|3312 3312 3312 3312 3312 3312 3312
3322—383-22—33-22—33- A0 33033203320 33232 33 A0 33201332033 AR 333300
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N

Temperature

L 520 529 533 536 545 575

|  6Q0 582 583 584 58 587
L 6.00 5.94

L. 600 600 600 600 6 ¢ 5.94
L 600 600 600 600 6 5.94
L. 600 600 600 600 6 5.94
L 6.00 6.00 6.00 6 5.94
L 6.00 6 5.94
L 5.87
L 5.90

5.74
5.85
5.88
5.88
5.88
5.88
5.89
5.89
5.82
5.89

575
5.89
5.94
5.94
5.94
5.94
5.94
594
5.87
5.91

DO
DO
DO
DO
6.00

5.75
5.94

6.00
6.00
6.00
6.00
600

5.75
5.94

6.00
6.00
6.00
6.00
600

575 572
594 593

6.00 6.
6.00 6.
6.00 6.
6.00 6.

0
0
0
0
0
600 ¢ 6.D0

591
5.92

5.91
5.92

591
5.92

591 590
592 590

5.72
5.88
5.94
5.94
5.94
5.95
5.96
5.98
5.88
5.87

573
5.79
5.81
5.81
5.82
5.85
5.89
594
5.86
5.84

6.33

6.33

6.34
6.89

6.34
6.90

6.34 6.32
6.90 6.88

6.30
6.88

6.27
6.87

5.72
5.73
5.74
5.74
5.76
5.79
5.85
592
5.85
5.82

5.72
572
5.73
5.74
5.75
5.78
5.84
5.92
5.84

571
571
5.72
5.73
5.74
5.78
5.84
5.92
5.84
5.75

5.75
5.73
573
5.74
5.75
5.79
5.85
594
5.85
5.74
5.98

5.80
5.75
5.74
5.75
5.77
5.80
5.87
5.96
5.87
5.74
5.94

5.85
5.78
5.75
5.76
5.78
5.82
5.89
5.98
5.89
5.74
5.90

5.90
5.80
5.77
5.78
5.79
5.84
591
6.

591
5.75
5.89

5.95
5.83
5.79
5.79
5.81
5.85
5.93

592
5.76
5.90

6

6

5.99
5.87
5.82
5.83
5.84
5.89
5.98

6.00
5.85
5.80
5.81
5.83
5.87
5.96

504 606

6

597 596
578 5.80
591 5.93

6.21

6.18

6.16

6.22 6.19

L 604 614 622 645 645 6.45

L 588 & - .02  6.09 6.12
L 582 581 584 589 ; 00

6.45
6.10

509

6.45
6.10

509

6.45
6.10

500

6.45
6.10

509

6.45
6.10

509

6.45
6.10

500

6.45
6.10

509,

6.45
6.10

509

6.45

6.45

6.45

6.10 6.10 6.10

| 583 581 58 58 59 600
| 585 584 58 592
| 589 588 591 59%
| 599 599 6637610 615 617
| 607 607 613 620 623 623
| s Q9 604 610 612 612
i S.Mam
| 598 602608 “505 607 6.08
622 623 620 623 623 6.25

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
599

5.98
5.99

5.98
5.99

6.45

6.45

6.45

6.45

6.45

6.45

6.45

610 610 610 610 610 610 6.10
5-08-+—5-08—6-08—0-08—05-08—5-88—5-88—5-06—L-08—L:08

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

L 645 645 645 645 645 6.45

6.45

6.45

6.45

6.45

6.45

6.45 6.45

. 610 610 610 610 610 610 610 610 610 6.10
L 5.98—5088—588—-5-98—5-98—5-98—5-98—5-98—5-58—5-88

6.10 6.10 6.10

6.45
6.10

509,

6.45
6.10

509

6.45
6.10

£.09

6.45
6.10

L.00.

6.45
6.10

509

6.45
6.10

£.0Q

6.45
6.10

£.00.

6.45
6.10

509,

6.45
6.10

509

6.45
6.10

£.0Q

6.45
6.10

508

L 598
L 599

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
599

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

5.98
5.99

L 604
. 615
L 622
L 613
L 6.02
L 6.09
L 625

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09
6.25

6.04
6.15
6.22
6.13
6.02
6.09

6.04
6.15
6.22
6.13
6.02
6.09

6.04
6.15
6.22
6.13
6.02
6.09

6.04
6.15
6.22
6.13
6.02

6.04
6.15
6.22
6.13
6.02

6.04
6.15
6.22
6.13

6.04
6.15
6.22

6.04
6.15

6.04
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Salinity

32.67
32.67
32.67
32.67
32.68
32.68
32.69
32.70
32.71

32.64
.61 32.64
32.64
32.65
32.65
32.65
32.66
32.67
32.70

3251 3254 3257
3252 3255 3258
3252 3255 3258
3253 3256 325
3255 3257 325
3255 3257
3256 3258 2261
32.%}12‘&2.63

32.67 32.68

32.48
32.49
32.49
32,51
32.53
32.55
32.55
32.58

32.44
32.46
32.46
32.49
32.52
32.54
32.55

32.42
32.43
32.44
32.46
32.50
32.53
32.55

32.40
32.40
32.40
32.43
32.49
32.52

22,00

32.69
32.70
32.70
32.70
32.70
32.70
32.72
32.72
32.72

32.72
32.72
32.73
32.72
32.72
32.73
32.75
32.74
32.73

32:82—32-82 32-83—32:83

0L.04

32.74
32.75
32.75
32.75
32.75
32.75
32.77
32.77
32.74

32.76
32.77
32.77
32.77
32.77
32.77

32.75

932

; B85 32.85 32.86
BII0III0III0 F 3T 33T 33 3L

32.81
32.81
32.81
32.81
32.81
32.83
32.86
32.85

80

32.82
32.82
32.82
32.82
32.82
32.84
32.88
32.88
32.82
32.86

32.84
32.83
32.83
32.82
32.83
32.85
32.89
32.88

32.82
32.83
32.82
32.82
32.83
32.86
32.90
32.89

32.80
32.82
32.82
32.82
32.83
32.86
32.90
32.89

32.80
32.82
32.82
32.82
32.83
32.85
32.89
32.89
3282 3283 32.83 3283
32.87 32.87 32.87 3287
33:04—33-03-33.0 32.96

3313 X9

32.83
32.83
32.83
32.82
32.83
32.84
32.86
32.85
32.84

32.84
32.84
32.83
32.82
32.83
32.84
32.87
32.86
32.83
32.88 32.89
3295 3297
33.00 38

32.83
32.83
32.82
32.82
32.82
32.83
32.85
32.85
32.84
32.90
32.99
33.07

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
3280

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
32.80

3277 3277 32.76
3278 32.77 32.77
32,78 32.77 32.76
3278 3276 32.75
3278 32.77 32.76
3279 32.77 32.76
80 32.79 32.78
3279 3278 32.77
32. 80

32.78
32.79
32.79
32.78
32.79
32lagg 32.79
3282
3281 32
3282 3281

32.82
32.82
32.81
32.81
32.81
32.82
32.84
32.84
32.83

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
32.80

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
32.80

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
3280

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
3280

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77

3280243280

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
3280

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
32.80

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
32.80

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
32.80

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
3280

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
32.80

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
3280

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
32.80

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
32,80

32.90 3291 3291 3292 3292 3293 32.93 32.93

32.93

32.93

32.93

3300 3-02—33-02—33-03—3304 3305 S3.Uos 33.U0
33.08 3310 3311 3311 3312 3313 33.13 3313

SEAVS)
33.13

33.Ud
33.13

32.93

32.93

32.93

32.93

32.93

3293 3293 3293 32.93

32.93 32.93

32.93

33.13 3313 3313 3313 3313 3313 3313 3313 33.13 3313 3313 3313 3313

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77

3276 32.76 32.76
3277 3277 32.77
32,76 3276 32.76
3275 3275 32.75
3276 32.76 32.76
3276 32.76 32.76
32.78 32.78 32.78
3277 3277 32.77
3280 3280 3280 3280 3280 3280 3280 3280 3280 3280

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77

32 80243280

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
3280

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
32.80

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
32.80

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
32.80

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
3280

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
32.80

32.76
32.77
32.76
32.75
32.76
32.76
32.78

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
32,80

32.76
32.77
32.76
32.75
32.76
32.76
32.78
32.77
32.80

3293 3293 3293 3293 3293 3293 3293 3293 3293 32.93
330533053305 330533053305 330533053305 23051

33.13 3313 3313 3313 3313 3313 3313 3313 3313 3313

32.93

32.93

32.93

32.93

32.93

32.93

32.93

33.13 3313 3313 3313

32.93

32.93

32.76
32.77
32.76
32.75
32.76

32.76
32.77
32.76
32.75
32.76
32.76
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Layer

Layer

Layer

© 00 ~NO UL WNE O

el el
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© 00 ~NO UL WNE O

el el
W N = O

Temperature

L 412
L 421
L 424
L 431
L 446
L 450

4.20
4.30
4.36
4.43
453
4.60
4.73

431
4.40
4.46
4.53
4.62
4.67
4.78

444 456 468 4.80
451 462 473 485
456 466 477 488
462 471 481 491
470 477 486 4.9
474 481 490 4.
483 490 4, 5.08
5. ; 513 519

532 534

561 561

511
5.16
5.18
5.20
5.23
5.27
5.34
5.38
5.40
5.60
5.95

5.19
5.24
5.27
5.28
531
5.35
5.42
5.44
5.42
5.60
5.95

5.27
5.32
535
5.36
5.38
5.42
5.49
5.49
5.43
5.59
595

6

5.33
5.40
5.42
5.42
5.44
5.49
5.55
553
5.44
5.59
5.95

5.38
5.45
5.47
5.48
5.50
5.54
5.60
5.56
5.43
5.56
5.94

5.42
5.48
551
551
553
557
5.64
5.59
5.43
553
5.92

6.31

6.31

6.31

6.30

6.31

6.28

5.45
5.50
5.52
5.53
5.55
5.59
5.66
5.63
5.44
5.50

5.45
551
5.54
5.54
5.56
5.60
5.67
5.65
5.45

5.46
5.52
5.54
5.54
557
5.61
5.69
5.66
5.43
5.41

5.43
5.49
551
552
5.55
5.60
5.70
5.64
5.37
5.36
5.65

5.42
5.45
5.45
5.46
5.50
5.56
5.68
5.60
5.33
5.33
5.61

5.42
5.43
5.44
5.45
5.48
5.55
5.66
5.58
531
5.29
5.49
5.79

5.44
5.47
5.46
5.47
5.50
5.56
5.65
5.56
5.30
5.22
5.31
5.30

5.50
551
5.50
5.50
5.52
557
5.64
553
5.27
5.18
523
5.29

554
5.55
5.55
5.55
5.57
5.61
5.66
552
5.24
5.18
5.29
5.37

5.55
5.59
5.59
5.59
5.61
5.65
5.67
552
5.25
5.23
5.39
5.60

L 557
. 561
L 562
L 562
L 564
L 567
. 568
L 552
L 528
L 529
L 546
5.65

5.58
5.62
5.63
5.63
5.65
5.68
5.68
552
5.31
5.33
5.51
571

5.56
5.62
5.63
5.64
5.66
5.68
5.68
5.52
5.34
5.37
5.55
5.74

556 557 557 558
562 563 563 563
564 564 563 563
564 564 564 563

5.66
5.68
5.68

566 5.65 5.64
569 568 5.67
568 5.67 5.68

553 553 555 556
536 539 542 545
541 545 549 553
558 561 565 568
577 578 581 584

5.63
5.63
5.64
5.67
5.68
5.56
5.45
553
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
553
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
553
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
553
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

. 558
. 563
L 563
L 563
L 564
L 567
. 568
L 556
L 545
L 553
L 568

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

558 558 558 558
563 563 563 563
563 563 563 563
563 563 563 563
564 564 564 564
567 567 567 567
568 568 568 5.68
55 556 556 5.56
545 545 545 545
553 553 553 553
568 568 568 5.68
584 584 584 584

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
553
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
553
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68
5.84

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53
5.68

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45
5.53

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56
5.45

5.58
5.63
5.63
5.63
5.64
5.67
5.68
5.56

5.58
5.63
5.63
5.63
5.64
5.67
5.68

5.58
5.63
5.63
5.63
5.64
5.67

5.58
5.63
5.63
5.63
5.64
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Salinity

| 3168 3171 3177 3181
| 3186 31.87 31.86 3184

L 32

L 3217 3215 3214 3212

1.98

31.84
31.82
31.95
3211

31.87 31.90
31.80 31.78
31.91 3187
32.

Uo

31.91
31.76
31.82

31.95 _32.06 32.25 3231 32.76 32,80
31.74 31.74 31.78 3& . . . . . ; . - 32.82

31.78 31.75 3173
202032 01

L 3214 3%

3234 32.36 3238, 3240 32-472—374%

L 3237 %

; 3245 3247 3248 3250
3250 3251 3253 3254

SL.LA T 3L.LD

32.20

S52.26  32.29

3280 3281

32.41
3253 3254 3255 32.56

2292 223 930

2-83—32:84—3285 32.86 32.89 32.90 32.90 3292 3293 3293 32.93

3294 3294 3295 3295 3295 3296 32.96 3296 3295 32.95
3299 3300 3300 3299 3298 32.98 32.98

| 3281
| 3283
L 3284
L 3284
L 3285
L 3286
| 32.86
L 3286
L 3288
L 3291
L 3294
32.97

32.81
32.84
32.85
32.85
32.85
32.86
32.86
32.86
32.87
32.91
32.95
32.99

32.80 32.80
32.83 32.83
32.85 32.84
32.85 32.84
32.85 32.84
32.86 32.85
32.86 32.85
32.86 32.85
32.87 32.87
3291 3291
3295 32.96
3299 3300

3280 3279 32.78

32.82 32.82 3BT

32.83
32.84
32.84
32.84
32.85
32.85
32.86
32.91
32.96

3278 3278 32.78 32.78 32.78 32.78 32.78 3278 32.78 3278 3278 3278 32.78

32.83 32.82
32.83 32.83
32.83 32.83
32.84 32.83
32.84 32.84
32.84 32.84
32.86 32.86
3291 32.92
3296 3297

(0GR.0.33-6

78 B 74 8 B 7o R 71 o3 N 7 1 . 7.0 R 768 4 W o . 7803 M 740 3 R 7003 N7t o2 e 7
32.82 3282 3282 3282 3282 3282 3282 3282 3282 3282 3282 3282 3282
32.83 32.83 32.83 3283 32.83 32.83 32.83 3283 32.83 3283 32.83 3283 32.83
32.83 32.83 32.83 32.83 32.83 32.83 32.83 3283 32.83 32.83 32.83 3283 32.83
32.83 32.83 32.83 32.83 32.83 32.83 32.83 3283 32.83 3283 3283 3283 32.83
32.84 3284 3284 3284 32.84 3284 32.84 3284 3284 3284 3284 3284 3284
32.84 32.84 3284 3284 3284 32.84 3284 3284 3284 3284 3284 3284 3284
32.86 32.86 32.86 32.86 32.86 32.86 32.86 32.86 32.86 32.86 32.86 32.86 32.86
3292 3292 3292 3292 3292 3292 3292 3292 3292 3292 3292 3292 3292
3297 3297 3297 3297 3297 3297 3297 3297 3297 3297 3297 3297 3297

| 3278

32.78

32.78 32.78

32.78

32.78 32.78

32.78 32.78|32.78 32.78 32.78 32.78 32.78 3278 32.78 3278 3278 3278 32.78

| 328T
| 3282
| 3283
| 3283
| 3283
L 3284
L 3284
| 3286
| 3292
| 3297

328T
32.82
32.83
32.83
32.83
32.84
32.84
32.86
32.92
32.97

328 328T
32.82 32.82
32.83 32.83
32.83 32.83
32.83 32.83
32.84 32.84
32.84 32.84
32.86 32.86
3292 32.92
3297 3297

328t
32.82
32.83
32.83
32.83
32.84
32.84
32.86
32.92
32.97

328 328T
32.82 32.82
32.83 32.83
32.83 32.83
32.83 32.83
32.84 32.84
32.84 32.84
32.86 32.86
3292 32.92
3297 3297

328t
32.82
32.83
32.83
32.83
32.84
32.84
32.86
32.92
32.97

78 R 74 N I 7o 7t o3 M 7 1 B 7.0 R 741 o3 M o R 78 o3 M 74 3 . 700X N 7152 e 77
32.82 3282|3282 3282 3282 3282 3282 3282 3282 3282 3282 3282 3282
32.83 32.83|32.83 3283 32.83 32.83 32.83 3283 32.83 3283 3283 3283 3283
32.83 32.83|32.83 3283 32.83 32.83 32.83 3283 32.83 3283 3283 3283 32.83
32.83 32.83|32.83 3283 32.83 32.83 32.83 3283 32.83 3283 3283 3283 32.83
32.84 3284|3284 3284 3284 3284 32.84 3284 3284 3284 3284 3284 3284
32.84 32.84|32.84 3284 3284 32.84 3284 3284 3284 3284 3284 3284 3284
32.86 32.86|32.86 32.86 32.86 32.86 32.86 32.86 32.86 32.86 32.86 32.86

3292 3292|3292 3292 3292 3292 3292 3292 3292 3292 3292

3297 3297|3297 3297 3297 3297 3297 3297 3297

| 33:6+—33:0+—53:6+—336+—33:0+—336+—336+—3BA336+—33:6+133:6+—336+—53:6+—3361

328T
32.82
32.83
32.83
32.83
32.84

328t
32.82
32.83
32.83
32.83
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Layer

Layer

Layer

© 00 ~NO UL WNE O

el el
W N = O

© 00 ~NO UL WNE O

el el
W N = O
T

© 00 ~NO UL WNE O

el el
W N = O

N

Temperature

303 _298 301 302 304 307 313

3.19

259 276 275 275 276 276 278
287 279 278 277 276 275 274
290 289 283 283 283 288 287

2.80
273
2.87

3.44

2.72
2.87

386 3.
351
3.40
3.46

3.79
3.36
3.20
3.27

3.70
315

3.58

288 296 2 - or*45e
3.W 335
320 326 333 339 345 352
347 352 358 364

311
3.40
3.58
3.69

3.15
3.47
3.67
3.79

3.17
351
3.71
3.83

327
357
3.76
3.88

3.46
3.67
3.80

357
3.72

4-08—4%
481 485

.17
4.85

&95—594—&66—?@4—4.&1\4.97
501 5.04 504 \497

4.22
4.85

724
485

4.28
4.85

422
422
4.23
4.25
4.29
4.37
4.47
448
450

4.37
4.41
4.44
4.45
4.49
4.55
4.65
4.65
4.60
4.70

451
4.63
4.68
4.69
4.71
4.77
4.85
4.84
4.74
4.75
4.83

4.62
474
477
4.78
4.80
4.84
4.92
4.92
4.80
477
4.83

472
4.76
4.78
4.78
4.80
4.85
4.92
491
4.81
4.78
4.84
491

4.75
4.79
4.80
4.80
4.81
4.85
491
491
4.82
4.80
4.86
4.92

4.80
4.79
4.78
4.79
4.80
4.83
4.88
4.88
4.83
4.84
491

4.84
4.78
4.76
4.76
477
4.79
4.82
4.84
4.84
4.87
4.94

5.04—503

4.88
481
4.79
4.80
4.80
4.81
4.84
4.85
4.85
4.90
4.96

—

5.06

487 493 498 B0l 503 504

5.05
5.05
5.04

487 493 498 |[5.01
488 494 498 |[5.01
489 494 498 |5.01
489 493 49 4.98 501 5.02
488 492 494 497 4.98 0 5.01
492 495 498 __5: 503 504 5.06
4.93/5‘.03%.10 511 513 514
508 517 521 524 526 527 528

503 5.04
502 5.04
502 504 5.05

5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14
5.28

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14
5.28

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14
5.28

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
514 514 514 514 514 514
528 528 528 528 528 528

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06

5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06

5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06

5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06

5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14
5.28

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14
5.28

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14
5.28

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14
5.28

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14
5.28

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14
5.28

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14
5.28

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14
5.28

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14
5.28

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06

500 500 500 500 500 5.00
504 504 504 504 504 504
505 505 505 505 505 5.05
505 505 505 505 505 5.05
505 505 505 505 505 505
504 504 504 504 504 504
505 505 505 505 505 505
502 502 502 502 502 5.02
501 501 501 501 501 5.01
506 506 506 506 506 5.06
514 514 514 514 514 514 514
528 528 528 528 528 528 528

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14
5.28

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14
5.28

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14
5.28

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
514 514 514 514
528 528 528 528

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06
5.14

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01
5.06

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02
5.01

5.00
5.04
5.05
5.05
5.05
5.04
5.05
5.02

5.00
5.04
5.05
5.05
5.05
5.04
5.05

5.00
5.04
5.05
5.05
5.05
5.04

5.00
5.04
5.05
5.05
5.05
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Layer

Layer

© 00 ~NO UL WNE O
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© 00 ~NO UL WNE O
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©O© 00 ~NO UL WNE O

el el
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N Salinity

L 3082 30 9%1_0,1 .01 3119 3120 3122 3124 3122 3124 3117 3118 31.20 3].52 31.62 31.72 31.3829a 10‘3—1.&32.06
L 30968706 31.15 3124 31.26 31.22 3121 31.20 3118 3115 31.20 3L 5

L 3118 31.34 3142 3149 3145 31.37 3135 31.34 3131 31.27
L 3L 31.74 31.81 3182 3175 3L

| 3192 - 98 31.92 31.87 31.83 31.82 31.86
[ 3zmé

5 3236 3238 3239 3240 32402483240 3241 3242
I 3247 3248 3249 3250 3251 3252 3253 3254 32563 2.64 3267 3272
I 3251 3252 3255 32. 5732§Z_L32_6M2‘63 3266 3269 32.72 3276
I 3050 326+—37F4 3267 3268 3270 3272 3274 3276 3278 3280
I 3273 32.75 3276 3277 3278 32.79 81

L 32.79 32.79 323945%22—2;3

| 3265 32.65 3266 32.64 3264 3263 3262 3262 3262 3262 3262 3262 3262 3262 3262 32.62 32.62 32.62 32.62 3262 3262 3262 3262 3262 3262
L 3270 3270 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271
L 3272 3273 3273 3274 3275 3275 3275 3275 3275 3275 3275 3275 3275 3275 3275 32.75 32.75 32.75 3275 3275 3275 3275 3275 3275 3275
L 3274 3274 3274 3275 3275 3275 3276 3276 3276 3276 3276 3276 32.76 32.76 32.76 32.76 32.76 32.76 32.76 32.76 32.76 3276 3276 32.76 32.76
L 3276 3276 32.76 3276 3276 3277 3277 3277 3277 3277 3277 3277 3277 3277 3277 32.77 32.77 32.77 32.77 3277 3277 3277 3277 3277 3277
L 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279
328T 3281 32818230 3280 3280 3280 3280 3280 3280 3280 3280 32803280 3280 3280 3280 3280 3280 3280 3230 3280 3280 3280 3280
L 3282 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281
. 3284 3283 32.83 32.83 3283 3283 3283 3283 3283 3283 3283 3283 3283 3283 3283 32.83 32.83 32.83 32.83 32.83 32.83 32.83 32.83 3283 32.83
. 3287 32.87 3287 3287 3288 3288 3288 3288 3288 32.88 32.88 32.88 32.88 32.88 32.88 32.88 32.88 32.88 32.88 32.88 32.88 32.88 32.88 32.88 32.88
L 3293 3293 3293 3293 3294 3294 3294 3294 3294 3294 3294 3294 3294 3294 3294 3294 3294 32.94 3294 3294 3294 3294 3294 3294 3294
3297 3297 3297 3299 33,00 3300 3300 3300 3300 3300 3300 3300 3300 3300 3300 3303:3A33.00 3300 3300 3300 3300 3300 3300 3300 3300

L 3262 32.62 3262 3262 3262 3262 3262 3262 3262 3262|3262 3262 3262 32.62 32.62 32.62 32.62 32.62 3262 3262 3262 3262 3262 32.62
L 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271|3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271 3271
L 3275 3275 3275 3275 3275 3275 3275 3275 3275 3275|3275 3275 3275 3275 32.75 3275 3275 3275 3275 3275 3275 3275 3275 32.75
L 3276 3276 32.76 3276 3276 3276 3276 3276 3276 3276|3276 32.76 32.76 32.76 32.76 32.76 32.76 32.76 3276 32.76 3276 3276 32.76 32.76
L 3277 3277 3277 3277 3277 3277 3277 3277 3277 3277|3277 3277 3277 3277 32.77 32.77 3277 3277 3277 3277 3277 3277 3277 32.77
L 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279|3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 3279 32.79

L 32803280 3280 3280 3280 3280 3280 3280 3280 328013280 32803280 3280 3280 3280 3280 3280 3280 3230 3280 3280

| 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281|3281 3281 3281 3281 3281 3281 3281 3281 3281 3281 3281

L 3283 3283 32.83 32.83 3283 3283 3283 3283 3283 3283|3283 3283 3283 32.83 32.83 32.83 32.83 32.83 3283 32.83

. 3288 32.88 32.88 32.88 32.88 32.88 32.88 32.88 32.88 32.88|32.88 32.88 32.88 32.88 32.88 32.88 32.88 32.88 32.88

L 3294 3294 3294 3294 3294 3294 3294 3294 3294 3294|3294 3294 3294 3294 3294 3294 32.94

L 3300 3300 3300 23300 3300 3300 3300 330(333.00_3300123300 3300 3300 3300
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Layer
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Temperature

415 395 357 336 325
369 344 323 310 30

3.20

3.15

312 307
- 2.90
277 276
275 275
293 29

308 318 316 317 318
326 330 333 336
341 344

3.19
3.39
347
3.54
3.75

321
3.42
351
3.59
3.81

323 327
346 350
354 358
366 3.72

3.01

3.42
3.62
3.68
3.80

4.03

3.38
3.69
3.83
3.84
3.89

4

391 3.9 07

415 419 421 423

4.30

4.31

4.19

437

4.16
4.28
4.34

4.48
434
4.17
4.05

421
431
4.36

458
455
441
427
421
424
428
424
420
426
433
437

4.67
481
472
455
445
445
447
4.4
431
430

477
493
4.83
4.66
4.56
4.55
457
4.49
4.36

5.25

4.81
4.67
4.59
4.58
4.60
4.53
4.40
4.36
4.41

5.25

476
466
461
4.60
462
458
447
444
4.49

5.32

4.68
4.64
4.62
4.62
4.64
4.63
4.56
4.55
4.61
4.72

5.36

4.78
4.73
4.69
4.66
4.66
4.65
4.60
4.60
4.67
4.74

537 536
525 528
513 517

2 507
4%96
480 484
473 475
467 468
459 459
458 458
467 467
476 478

539 544 547 550 550
532 536 540 543 544
522 527 532 535 537
512 517 522 526 529

5Q0 506 511 515 518
487 4.9 2 5.03

5.50
5.44
5.38
5.30
5.19
5.04

5.49
5.42
5.36
5.28
5.17
5.02

549 549
542 542
536 5.36
528 528
517 517
502 5.02

5.49
5.42
5.36
5.28
5.17
5.02

5.49
5.42
5.36
5.28
517
5.02

5.49
5.42
5.36
5.28
5.17
5.02.

5.49
5.42
5.36
5.28
5.17
5.02

5.49
5.42
5.36
5.28
517
5.02

5.49
5.42
5.36
5.28
517
5.02

5.49
5.42
5.36
5.28
5.17
5.02

5.49
5.42
5.36
5.28
517
5.02

5.49
5.42
5.36
5.28
517
5.02

5.49
5.42
5.36
5.28
5.17
5.02

5.49
5.42
5.36
5.28
517
5.02

5.49
5.42
5.36
5.28
517
5.02

549 549
542 542
536 5.36
528 528
517 517
5.02 5.02

478 481 485 489 4.92
470 472 475 478 480
459 460 462 463 4.64
457 458 458 459 4.60
468 468 468 470 4.72
480 481 482 484 488

493
4.81
4.65
4.60
4.72
4.89

491
4.80
4.64
4.59
4.72
4.89

491 491
480 4.80
464 464
459 459
472 472
489 4.89

491
4.80
4.64
4.59
472
4.89

491
4.80
4.64
4.59
4.72
4.89

491
4.80
4.64
4.59
4.72
4.89

491
4.80
4.64
4.59
4.72
4.89

491
4.80
4.64
4.59
4.72
4.89

491
4.80
4.64
4.59
4.72
4.89

491
4.80
4.64
4.59
4.72
4.89

491
4.80
4.64
4.59
4.72
4.89

491
4.80
4.64
4.59
4.72
4.89

491
4.80
4.64
4.59
4.72
4.89

491
4.80
4.64
4.59
4.72
4.89

491
4.80
4.64
4.59
4.72
4.89

491 491
480 4.80
464 464
459 459
472 472
489 4.89

549 549 549 549 549
542 542 542 542 542
536 536 536 536 536
528 528 528 528 528
517 517 517 517 517
502 502 502 502 502

5.49
5.42
5.36
5.28
517
5.02

5.49
5.42
5.36
5.28
517
5.02

549 549
542 542
536 5.36
528 528
517 517
502 5.02

5.49
5.42
5.36
5.28
5.17
5.02

5.49
5.42
5.36
5.28
517
5.02

5.49
5.42
5.36
5.28
517
5.02

5.49
5.42
5.36
5.28
5.17
5.02

5.49
5.42
5.36
5.28
517
5.02

5.49
5.42
5.36
5.28
517
5.02

5.49
5.42
5.36
5.28
5.17
5.02

5.49
5.42
5.36
5.28
517
5.02

5.49
5.42
5.36
5.28
517
5.02

5.49
5.42
5.36
5.28
5.17
5.02

5.49
5.42
5.36
5.28
517
5.02

5.49
5.42
5.36
5.28
517
5.02

491 491 491 491 491
480 480 480 480 480
464 464 464 464 4.64
459 459 459 459 459
472 472 472 472 472
489 489 489 489 489

491
4.80
4.64
4.59
4.72
4.89

491
4.80
4.64
4.59
4.72
4.89

491 491
480 4.80
464 464
459 459
472 472
489 489

491
4.80
4.64
4.59
472
4.89

491
4.80
4.64
4.59
4.72
4.89

491
4.80
4.64
4.59
4.72
4.89

491
4.80
4.64
4.59
4.72
4.89

491
4.80
4.64
4.59
4.72

491
4.80
4.64
4.59
4.72

491
4.80
4.64
4.59
4.72

491
4.80
4.64
4.59

491
4.80
4.64
4.59

491
4.80
4.64

491
4.80

491

5.49
5.42
5.36
5.28
517

BC Time 19




Layer

Layer

Layer
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Salinity

30.69
30.64
30.75
30.94

L 30.70 30.69
L 30.69 30.68
L 30.79 30.77
L 30.89 30.92

30.69
30.60
30.73
30.96

30.68
30.57
30.70
30.96

30.69
30.55
30.70
30.96

30.60
30.55
30.71
30,98

30.61 30.57 30.61 30.65 30.71 30.76 30.80 30.85

30.91

30.57 30.66 30.79
30.75 30.86
10 31.24

30.91

- 31.20
3118 3131 3144

31.24

31.68 31.73

L 3L 31.19

31.23

31.26

31.28

31.28

31.29

3181 31.86

31.32 31.38 3L 1 31.66 3174

. 316781624 —3T6o

31.68

2900,

3170

2200,

3170

2200,

31.70

3172 3175 31.81 31.87 3192 3},

[o Yo WatoNiioYo Watel
orT o

v

o0

o0

aa.a
Oz I0

SZ2.20

32.33

32.33

32.33
32.40
32.54

32.33
S52.49
32.55

324432713 32.16__32.20 32.23—32-2G
22 LB

31.27

31.78
31.91

3822
3234 3236 32.39 3241 3246
32.46 3247 3249 3251 3253 3255
3255 3256 32.58 32.59 "
32 " .62 3263 3264 32.65 32.65 32.66

3263 3264 32.64 32.65 32.66 32.68

3247
3256 32.56

32.56

673753

32.48
42 32,51
2.46 3250 32.57

32.58 ; 3266 3269 32.72 32.74 32.76
32.65 3267 3270 32.72 3274 32.77532.79 3281

3271 3273 32.7W 3287 3289
3
327773283 3293 3296 3297

. . 53249 3253 3257 32605064
3248 3251 3255 32, 85066 3268 3271

| 3228 32.33 32.36

L 32 .48 32.50

L 3254 3257
L 3256 32.58

32,57
32.57
32.59

32.39

32.39

32.38

32.36

32.36 3236 3236 32.36 3236 3236 3236 32.36

32.36

32.36

32.36 3236 3236 3236 3236 32.36 32.36 32.36

32,51
32.57
32.57

32,51
32.57
32.57
32.58

32.67
32.71
32.78

32,51
32.56
32.56
32.57

32.66
32.71
32.78

32.50
32.56
32.56
32.56

32.66
32.71
32.78

32.50
32.56
32.56
32.56

32.50
32.56
32.56
32.56

32.50
32.56
32.56
32.56

32.50
32.56
32.56
32.56

3250 3250 32.50
3256 3256 32.56
3256 3256 32.56
3256 3256 32.56

32.50
32.56
32.56
32.56

32.66
32.71
32.78

3266 3266 32.66
271 3271 3271
3278 3278, 3278

32.66
3271
32.78

32.66
32.71
32.78

32.66
32.71
32.78

32.66
32.71
32.78

32.50
32.56
32.56
32.56

32.66
32.71
32.78

32.50
32.56
32.56
32.56

32.66
32.71
32.78

3250 32.50
3256 32.56
3256 32.56
3256 32.56

3250 32.50
32.56 32.56
32.56 32.56
32.56 32.56

32.50
32.56
32.56
32.56

32.50
32.56
32.56
32.56

32.50
32.56
32.56 32.56
32.56 32.56

- .61
32.66 32.66
3271 3271
32.78 32.78

32.50
32.56

32.66
32.71
32.78

32.66
32.71
32.78

32.66
32.71
32.78

32.66
32.71
32.78

32.66
32.71
32.78

32.66
32.71
32.78

32.85
32.94

32.86
32.94

32.85
32.94

32.85
32.94

32.85
32.94

32.85
32.94

32.85
32.94

32.85 3285 32.85
3294 3294 32.94

32.85
32.94

32.85
32.94

32.85
32.94

32.85
32.94

32.85
32.94

32.85
32.94

32.85
32.94

32.85
32.94

32.85
32.94

32.85 32.85
32.94 32.94

39.US

33.US

30.US

3BA0,
Oo.US S5o.US S3.US S3.US So.US 33.US S35.US 53.US

335.US

23.US

3303—33.03

Oo.US S5o.US S3.US S3.US S3.US  335.US

3236 3236 32.36

32.36

3250 3250 32.50
3256 3256 32.56
3256 3256 32.56
3256 3256 32.56

32.66 32.66
3271 3271
32.78 32.78

32.66
32.71
32.78

32.66
32.71
32.78

32.50
32.56
32.56
32.56

32.66 32.66 32.66 32.66 32.66
3271 3271 3271 3271
32,78 32.78 32.78

32.85 32.85
32.94 32.94

32.85
32.94

32.85
32.94

32.85 32.85
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Layer
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Layer
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Temperature

722 729
L 713 702 7.07

L 7.13

7.36
7.14

7.42
7.20

745 762 760 771 7.66
724 726 727 723 716

7.62
7.08

754
102

747 739 730 721 713

- - 6.68 6.58

L 651 642 641

6.40

6.42

6.43 643 642 641 637

6.32

6.30

L 560 5.7& 5067
L 550 533 523

5.61
5.15

5.57
5.10

557 55/ 558 560 562
509 510 512 6517 522

L 5QL_50 - . 4.82

L 479 473 466 4.62

4.54

451

482 482 48 ;
461 462 465 475 487
450 451 453 461 471
427 428 430 435 440

5.61
5.26
5.10

4.78
4.43

3.87—S8—39+—=393—3.96— 308

5.63
5.30
5.19
5.06

5.65
5.35
5.27
5.15

4.52
4.03

6.28
6

6.21

5.25

372 374 375
3.77

3.77
3.76

3.82
3.82

7.10

5.07

4.39

6.58

5.12

444
421
4,09

700 7,05

6.83
6.54
6.21

5.58

4.70
451

6.80
6.53
6.22

. 698 693 687
. 676 671 667
L 651 648 645

L 527 526 526

6.82
6.65
6.44

5.27
500

6.78
6.63
6.44

5.29
5.02

6.74 672 6.72 6.72 6.72
6.62 6.60 6.60 6.60 6.60
6.44 642 642 642 642

530 530 530 530 530
504 504 504 504 504

6.72
6.60
6.42

5.30
5.4

L 470 470 471
L 457 460 462
L 465 469 473
481 485 4.89

4.73
4.62
4.73
4.94

4.74
4.63
4.73
4.92

475 475 475 475 475
462 462 462 462 462
472 472 472 472 472
491 490 49 49 4.9

4.75
4.62
4.72
4.90

. 672 672 672
. 660 660 6.60
L 642 642 642
L 621 621 621

. 558 558 558
. 530 530 530
. 504 504 504

6.72
6.60
6.42
6.21

5.58
5.30
5.04

6.72
6.60
6.42
6.21

5.58
5.30
5.04

6.72 672 6.72 6.72 6.72
6.60 6.60 6.60 6.60 6.60
6.42 642 642 642 642
621 621 621 621 621

558 558 558 558 558
530 530 530 530 530
504 504 504 504 504

6.72
6.60
6.42
6.21

5.58
5.30

6.72
6.60
6.42
6.21

5.58
5.30

504, 504

6.72
6.60
6.42
6.21

5.58
5.30
5.04

6.42
6.21

5.58
5.30
5.04

6.42
6.21

5.58
5.30
5.04

6.72
6.60
6.42
6.21

5.58
5.30
5.04

6.72
6.60
6.42
6.21

6.72
6.60
6.42
6.21

6.72
6.60
6.42
6.21

558 558 558

5.30
5.04

L 475 475 475
L 462 462 462
L 472 472 472
L 490 490 49

4.75
4.62
4.72
4.90

4.75
4.62
4.72
4.90

475 475 475 475 475
462 462 462 462 462
472 472 472 472 472
490 490 490 490 4.9

4.75
4.62
4.72
4.90

4.75
4.62
4.72
4.90

4.75
4.62
4.72
4.90

4.75
4.62
4.72

4.75
4.62

4.75

5.30
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Layer

Layer

Layer

© 00 ~NO UL WNE O

el el
W N P O

© 00 ~NO UL WNE O

el el
W N P O
T

©O© 00 ~NO UL WNE O

el el
W N P O

N

Salinity

L 30.77 30.83 30.86 30.88 30.91 30.92 30.93 30.96 30.96 331.01
| 30.89 30.91 30.92 30.95 30.98 30.98 30.98 30.99 30.99 3300
L 30.98 30.98 30. - ;
| 3103 31.08 3109 3110 3111 31.09 3106 31.05 31.05 31.05
L 3126 31.28 3128 31.29 3129 3127 3123 31.22 31.22 31.22

1.03

32.03_3203 3203 3204

31
31.

31.00

31.81
31.75
31.87

3147 3154 3161
3%, 3155 31.64
31.60 31.69 3177
31.81 31.92

3138
3139

31.29
31.30
31.39

31.19
31.18
31.24
3137

31.09
31.03
31.02
31.07

31.01
31.01
31.00
31.05

31.00
31.00
31.00
31.05

31.00
31.00
31.00
31.05

31.00
31.00
31.00
31.05

31.01
31.00
31.00
31.05
31.22

31.69

2207 220

32,06-.32.05 32

32.47

02

3233 32.35

3239 3241 2041

22 44

3240 23242 32.55

3251 3252 3253

32 4052.4832.40
3255 3255

3240 3240
3255 3255

3240
32.55

s ;
3256 3257 32 $2632-64—3766  32.68

32.60-32.64—3276%
32.73

32, R32.66 32.67 32.67 32.68 32.69

3271 3273 3275 3276 32,4,.32.79 3281 3281

3275 3276 32,77 32.78 32.79 . 2.86 32.88 32.89 3291 3294 32.95
3288 e 33630

328032813284 32.85 32.85 3298 3299 3300~33.08 33.07

L 3195 31.96 3195 3197
L 3191 31.93 3193 31.93
L 3200 3200 31,90 3198

L 3218
L 3234

32.17
32.32

L 3242—324L

L 3248
L 3256

32.48
32.56

31.97
31.93
31.97

31.95
31.89
31.94

31.95
31.89
31.94

31.95
31.89
31.94

31.95
31.89
31.94

31.95
31.89
31.94

31.95
31.89
31.94

31.95
31.89
31.94

31.95
31.89
31.94

31.95
31.89
31.94

31.95
31.89
31.94

31.95
31.89
31.94

31.95
31.89
31.94

31.95 31.95

31.89 31.89

31.94 31.94
33200,

31.95
31.89
31.94

31.95
31.89
31.94

32.15

32.13

32.12

32.09

32.09 3209 32.09 3209 32.09 3209 3209 3209 3209 3209 3209 3209 3209 32.09 32.09

32.30
22 40
32.48
32.57

32.29
32.39
32.47
32.56

32.27
32.39

[oYayie]

32.37

32.25
32.37

DL% OL.LO

32,37 3237
32,4,

OL.LO

32.37

[oYayie]

32.37

[oYayie]

32.37

[oYayie]

32.37

[eYAvie)

32.37

OL.LO

32.37

[oYayie]

32.37

[oYAvie)

32.37

OL.LO

32.37

OL.LO

32.37

[oYayie]

32.37

[eYAvie]

32.37

32.47
32.56

32.46
32.55

32.46
32.55

32.46
32.55

32.46 32.46
32‘5225 3255 3255 3255 3255 3255 3255 3255 3255 3255 3255 3255 3255

3246 3246 3246 3246 3246 3246 3246 3246 3246 3246 3246

L 3268
L 3282

32.69

2292

32.69

2292

32.69

2292

32.68
3281

32.68
3221

32.68
3221

32.68
3221

32.68 32.68 32.68 32.68 32.68 32.68 32.68 32.68 32.68 3268 3268 3268 3268
22285223281 3281 3281 3081 3081 32081 3281 3281 3281 3281 3281 3287

L 3295

32.95

32.94

32.94

32.94

32.93

33.06

33.06

3305 3307

3304

3293 3293 3293 3293 3293 3293 3293 3293 3293 3293 3293 3293 3293 3293 32.93

L 3195
| 31.89
L 3194

31.95
31.89
31.94

31.95
31.89
31.94

31.95
31.89
31.94

31.95
31.89
31.94

L 32.09

32.09

32.09

32.09

32.09

| 3225

L 3237

[oYAvie)

32.37

OL.LO

32.37

OL.LO

32.37

OL.LO

32.37

L 3246
L 3255

32.46
32.55

32.46
32.55

32.46
32.55

32.46
32.55

| 32.68
3241

32.68
3231

32.68
3231

32.68
3221

32.68
3221

L 3293

32.93

32.93

32.93

32.93

3293 3293 3293

32.93

32.93

IR e v o v e v v e AV e v v
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Layer

Layer

Layer

© 00 ~NO UL WNE O

el el
W N P O

© 00 ~NO UL WNE O

el el
W N P O
T

© 00 ~NO UL WNE O

el el
W N P O

N

Temperature

L 1104 1106

1108

1107

11.09

11.15

11.25

11.32

11.36

11.44

L 100166

Fatrl

979

Q37

9 96

10,05

1010

1011

10.10

1114 1111 1107131104
1006 1001

1123 1155 11.79 11. 1222 1240 1262 1274 1282 1242 1253

12.85 1394 1288 1247

L 8.09 830

8.25

3.29

6.39

©.40

0.40™

0.490

0.490

0.44

o.44

A8 A0 - 5. ) ) - . 75— A0—1#78.12,08 12054169

L 742 715

7.09

7.11

7.20

7.22

7.16

7.13

7.13

7.13

7.12

7.12 . . - . S 0.8 . : 1014

L. 620 631

6.27

6.27

6.31

6.34

6.32

6.31

6.31

6.31

6.31

631 630 628 625 6.23 640 - 7. 55—FR3 - 823

6-06—-5-85 6 5:0—6-9—584—5.96__ 608 621 627 637 637 o2 6A8—0652

L 576 576
L 5.45

5.75
5.46

o.76
5.48
534

5.80
5.56
541

5.69
552

E.nA
5.77
5.58

502 506

5.95
5.78
5.58
5.09

5.95
5.78
5.58
5.12

5.95
5.78
5.58
5.13

5.95
5.78
5.58

5.14

578 578 577 578 575 568 562 559 553 548 545 544 544 547
558 558 557 558 556 547 535 524 515 507 5501 497 404404
515 516 517 517 517 512 - .85 480 476 473 468 466

4.24

4.28

4.36
4.10

44
414

4.44
416
4.24

4.46
4.19
4.26

448 450 452 454 457 455 455 455 456 459 461 463 4.63
422 425 427 430 447 452 457 462 470 478 482
429 440 443 445 479 483 488 &10 °509

12.42
12.23

12.27
12.14

12.27
12.14

12.27
12.14

1227 1227 1227 1227 1227 1227 1227 1227 1227 1227 1227 1227 1227 1227 1227
12.14 1214 1214, 1214 12.14 1214 1214 1214 1214 1214 1214 1214 1214 1214 12.14

11.56

11.54

1154

11.54

1154 1154 1154 1154 1154 1154 1154 1154 1154 1154 1154 1154 1154 1154 1154

10.16

10.22

10.22

10.22

1
10.22 10.22 10,82, 10.22 10.22 10.22 10.22 10.22 10.22 10.22 10.22 10.22 10.22 10.22 10.22

©.5U

0.0/

0.9/

0.9/

0.0/

0.0/ 0%% 0.9/ 0.0/ 0.9/ 0.9/ 0.0/ 0.9/ 0.9/ O.01 0.0/ 0.0/ 0.9/ 8:37

5.04
5.05

~569

.07

5.09

503
5.07

503
5.07

503
5.07

503
5.07

6,
2.05 .03 2.05 2.05 0.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 2.05 .03

L 467 468
L 462 463
L 481 481

4.70
4.63
4.81

4.80
5.02

474
465

4.79
5.02

4.73
4.64

4.79
5.02

4.73
4.64

4.79
5.02

4.73
4.64

4.79
5.02

4.73
4.64

4.79
502

507 5Q7, 507 507 507 507 507 507 507 507 507 507 507 507
473 473 473 473 473 473 473 473 473 473 473 473 473 473
464 464 464 464 464 464 464 464 464 464 464 464 464 464
479 479 479 479 479 479 479 479 479 479 479 479 479 479

5.68—566

oG

502 5625 502 502 5.02 5.02 5.02 502 5.02 5.02 5.02 502 5.02 5.02

L 1227 1227
L 1214 1214

12.27
12.14

12.27
12.14

12.27
12.14

12.27
12.14

12.27
12.14

12.27
12.14

12.27
12.14

1227 1227 1227 1227 1227 1227 1227 1227 1227 1227 1227 1227 1227 12.27
12.14 1214 1214 1214 1214 1214 1214 1214 1214 1214 1214 1214 1214 12.14

L 1154 1154

1154

11.54

1154

1154

11.54

11.54

1154

1154 1154 ]iil.54 1154 1154 1154 1154 1154 1154 1154 1154 1154 1154 1154

L 1022 10.22

10.22

10.22

10.22

10.22

10.22

10.22

10.22

10.22 10.22 1 1022 1022 10.22 10.22 10.22 10.22 10.22 10.22 10.22 10.22 10.22

L 8.37T—837

0.9/

0.0/

0.0/

0.9/

0.9/

0.0/

0.9/

0.0/ &k')l 0.9/ 0.0/ 0.9/ 0.9/ 0.0/ 0.0/ 0.9/ O.01 0.0/ 0.0/ 837

5.03 56% 2.05 2.05 .05 2.05 0.05 0.05 2.05 2.05 0.05 0.05

5Q7. 507 507 507 507 507 507 507 507 507 507

4.73
4.64

4.79
502

473 473 473 473 473 473 473 473 473
464 464 464 464 464 464 464 4.64

479 479 479 479 479 479
502 502 502
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Layer

Layer

Layer

© 00 ~NO UL WNE O

el el
W N P O

© 00 ~NO UL WNE O

el el
W N P O
T

©O© 00 ~NO UL WNE O

el el
W N P O

N

Salinity

. 30.99 3048 31.10
L 30.99 3 31.01
. 3102 3101 31.00

. 3106 3106 31.05
L 3116 3122 3122

L 3L

31.05
31.01
31.00
31.05
31.22

31.00
31.00
31.00
31.05
31.22

31.00
31.00
31.00
31.05
31.22

31.00
31.00
31.00
31.05
31.22

31.00
31.00
31.00
31.05
31.22

31.00
31.00
31.00
31.05
31.22

31.00
31.00
31.00
31.05
31.22

151 3155 3159 3161
3156 31.60 31.62 31.63
31.64 3170 3175 3176 3176
31.96 01
- - 24
32.33 32.%; 32.38 32.37

31.00 31.00 31.00 31.01 31.02 3115 31.23 3128 31.36 3142 31.47;
31.00 31.28 31.37
31.00
31.05
31.22

32:06—32.0532.06-32.06—-232.07 220

220

32.0732.06--32.06--32.06--32.06—32 16 9 32.35 3

; 3246 3246 3246

0813 - 29 32
3240 324003241 2241 2041 D A1 AW R241 3940 3241 241 30 40,432,39 32413243—3976 3250 3252 3254 3255 3256 32.56
3253 3254 3255 3255 3256, 32.57 32.58 32.57 32.57 EZM 52.67 32.68 32.68 32.69

32.53

32.53

32.66

32.67

32.69

3271 3272 3273 32.75532.78 3279 32,79 32.79

3280 328%s281 3281 3282 @A 3a03 3203

32.95

3297 32.98 32.9: 013.33.01-33.01

3299 3298 32.98 3297 3207 3297 3297

3320332023321 33 2(3333.20 33.19 3313 3312 3311 3310 33.10

31.66
31.68
3L.77
31.98
3219

31.66
31.68
3177
31.98
32,19

31.66
31.68
3177
31.98
3219

31.66 31.66 31.66 31.66 31.66 31.66 31.66 31.66 31.66 31.66 31.66 31.66 31.66 31.66 31.66
31.68 31.68 31.68 31.68 31.68 31.68 31.68 31.68 31.68 31.68 31.68 31.68 31.68 31.68 31.68
3177 3177 3177 3177 3L77 31.77 3177 3177 3177 3177 3177 3177 3177 3177 3177
31.98 31.98 3% 31.98 31.08 31.98 31.98 31.98 31.98 3198 31.98 3198 3198 3198 3198
3210 32,10 3%19,:3210 3210 3210 3219 3210 3210 3210 3219 3210 3210 3210 3219

32.34

32.34

32.34

3234 3234 3234 3234 3234 3234 3234 3234 3234 3234 3234 3234 3234 3234 3234

322%
32.55

323%
32.55

3227
32.55

B VB 7 7 S v A A A V. Y. S Y. S Y. S v 7 .7, A V]
32.55 3255 3255 3255 3255 32.55 3255 3255 3255 3255 3255 3255 3255 3255 3255

32.68

32.68

32.68

32.68 32.68 32.68 32.68 32.68 3268 32.68 3268 3268 3268 3268 3268 32.68 32.68 32.68

2R832.82..2202 22090 22202 22282 22282 22282 22202 22220 2222 2222 22 82

3296 32.96 3290 3296 3296 3296 3296 3296 3296 3296 32.96 32.96 3296 3296 32.96

33.09 33.09 33.09 33.09 33.09 33.09 33.09 3309 3309 3309 3309 33.09 33.09 33.09 33.09

31.66
31.68
3L.77
31.98

31.66
31.68
3177
31.98

L 3219 3219 3219 3210 3210 3210 3210 3210 3210 3210

L 3234

32.34

32.34

32.34

32.34

32.34

32.34

32.34

32.34

32.34

31.66 31.66 31.66 31.66 31.66 31.66 31.66 31.66 31.66 31.66 31.66 31.66 31.66 31.66
31.68 31.68 31.68 31.68 31.68 31.68 31.68 31.68 31.68 31.68 31.68 31.68 31.68 31.68
3177 3177 3177 3177 3L77 3.77 3177 3177 3177 3177 3177 3177 3177 31.77
31.98 31.98 33, 31.98 31.98 31.98 3198 31.98 3198 3198 3198 3198 3198 3198

13210 3210 3239%»3219 3210 3210 3210 3219 3219 3210 3210 3219 3210 3219
3234 3234 3234 3234 3234 3234 3234 3234 3234 3234 3234 3234 3234

L 3277
L 3255

3227
32.55

323%
32.55

327%
32.55

323%
32.55

3227
32.55

3227
32.55

322%
32.55

322%
32.55

3227
32.55

e 7 S 7 S Y. .7 S 7.1 S Y S 7. B v v
32.55 3255 3255 3255 3255 32.55 3255 3255 3255 3255 32.55

L 32,68
L 3282

32.68

22,99

32.68

22,92

32.68

22,92

32.68

2292

32.68

22,99

32.68

22,92

32.68

2292

32.68

2292

32.68

22 9781

32.68 32.68 32.68 32.68 32.68 32.68 32.68 32.68 32.68 32.68

1 R2.92 2299 29209 29209 29209 2209 2299 29299 2999

L 32,96

32.96

32.96

32.96

32.96

32.96

32.96

3290

32.96

32.96

3296 3296 3296 3296 32.96 32.96 32.96

L 33.09

33.09

33.09

33.09

33.09

33.09

33.09

33.09

33.09

33.09

33.09 33.09 33.09 33.09
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Layer

Layer

Layer

N

0 Temperature
1L 1477 1493 15.08 15.15 15.17 15.27 1528 16.00 15.30 15.18 15.11 15.07 15.03 15.17 1519 1545 15.69 1576 15. 16.23 16.39 16.53 16.69 16.85 16.96
2L 14.89@3.37 1540 1542 1544 1549 1554 1549 1543 1541 1539 . 15.22 15.M 1651 16.75 16.97
3L 1373139 422 1424 1425 14.25 1425 1425 1426 1426 1426 14.24 99— 44 04 0 72 - . - 15.38 %NGMZS
4 1141183 U7 Uxr U7 1203 1208 1208 1208 1208 1207 +3 [Do0 1088 T 1
5l 9@ —ot—833—935—5-35—5-4—O43+—0-44—=0-40—0-35—05-36 8-66—=8- 8.60
6_ B_QQQ L 30 838 .90 LYl KUl 049l 290 £ U0 Ul o0 o o=l
7L B et bt G 1 570~ 5.0 5.506 - - o 6Z—6:66—=6-76
8L 5. 558 558 558 558 558 558 558 558 558 556 551 542 529 523 527 531 534 539 545 5 63
9L 521 523 524 523 523 522 522 523 522 521 516 505 _407—493—489—#87 5 AB6—4-87—4-90—4.94
10L 471 477 2480 2480 479 479 . 21.80 180 480 481 4.80 475 474 472 472 472 472 473 475
11 484 488 487 487 488 489 483 489 490 490 491 491 492 493 493
120 535 534 537 536 535 534 525 524 522 521 520
13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1L 17.14 1718 17.33 1729 17.23 17.17 17.08 17.08 17.08 17.08 17.08 17.08 17.08 17.08 17.08 17.08 17.08 17.08 17.08 17.08 17.08 17.08 17.08 17.08 17.08
ol ,
3L
40
5 ™ i
6l ser—=er—sRr—=mI—w7o—% = A = 2 A = 8 2 A - 2 S - 8 S = 8 = 8 W < = S — UV —" =V S— = S— =V S— =V S— -V S— -V S— - 2~ — - 3
7L  6.81l—640 61644 6716766 —b-62—b-6P—5-6R—B-6R—6-62 Q.Si 6:67——6-67——6-67—6-67—6-67—6-67—6-67—6-67—6-62—6-62—6-62—6-02
8l 564—562—500 558 557 555 552 552 552 552 552 552 553 —B5r 557557 557 557 557 557 557 557 557 557 552
9L 494 493 491 —4-00—4-80——d-88——dr 8748 F——brBF——sdyr BF——tr Sl Bl Pl 8l Sl Sl 87—t Sl i 8l Sl G 74 S F—4-37
10L 476 475 475 474 473 473 AT2 AT2 472 AT2 472 AT2 472 A72 4AT2 472 AT2 AT2 A72 AT2 472 AT2 472 472 472
11l 494 494 494 493 493 492 492 492 492 492 492 492 492 492 492 492 492 492 492 492 492 492 492 492 492
12| 519 519 518 518 518 518 518 518 518 518 518 518 518 518 518 518 518 518 518 518 518 518 518 518 5.18
13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1L 17.08 17.08 17.08 17.08 17.08 17.08 17.08 17.08 17.08 17.08|17.08 17.08 17.08
2l  16:98—16-98—16-98—16-98—16-98—16-98—16-98—16-98—+6-98—1+6-08--46-98—+6-986—+5H8—16-98
3L 1637 1637 16.37 16.37 16.37 16.37 16.37 16.37 16.37 16.37|16.37 16.37 1637 16.37
4l 1456046l oI TS B e—4-66 4.
5_ 'I'Ilh 11l /5 AN L1 /o L1l /5 11l /5 A2 L1l /5 11l /5 ALY L1 /5 L1l /5 H?/H?IIIH L1l /5 11 /5 ALY L1 /5 L1l /5 | A2 | AN L1 /5 L1l /5 II76
N Yo o o o o o o - £ v = =2 8 =8 =8 8 o o o - v - v s - -5
7L 6.62—6:62—6-62—6-62—6-62—6-62—6-62—6-62—6-62—6-62—1—6-62 "’P?'_’ 6-67——6-67—6-67——6-67—6-67—6-67—6-62—6-62—6-62—6-62
8l 5527552 552 552 552 552 552 552 552 552|552 55y 557557 557 557 557 557 557 557
10L 472 472 472 472 472 472 AT2 AT2 472 AT2 | 472 472 4AT2 472 AT2 472 472 472 472
11l 492 492 492 492 492 492 492 492 492 492|492 492 492 492 492 492 492
12| 518 518 518 518 518 518 518 518 518 518|518 518 518 518
13 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Layer

Layer

Layer

© 00 ~NO UL WNE O

el el
W N P O

© 00 ~NO UL WNE O
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APPENDIX C
Monthly Current Meter Model versus
Data Comparisons at the Boston Buoy
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APPENDIX D
Monthly Current Meter Model versus
Data Comparisons at the Sciuate Buoy
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