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Figure 7. Areal maps of light attenwation and salinity at the
surface during November, 1980. Contour interval is
1.0/m for attenuation, and 1.0 °/,, for salinity.
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Figure 11. Areal maps of light attenuation and salinity at the
surface during March, 1981. Contour interval is
1.0/m for attenuation, and 1.0 °/,, for salinity.
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Figure 13. Light attenuation profiles from station transects
during cruise CBIII, March, 1981. Scale in 1/m is
given at the top of each profile.
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March was 6.6/m, and the lowest was 1.1/m. Water with attenuation
of less than 1.0/m was present at mid-depths most of the time, and
bottom attenuation values seldom rose above 1.5/m. High bottom
and mid-depth values were generally seen shortly after high water

during the ebb tide. The surface layer became somewhat thicker
around low tide.

2.4 Suspended Particulate Matter Loadings

Estimates of the mass of suspended particles in the Bay
during each cruise were made from the transmissometer casts at
each station. First, the surface area of the Bay south of Brown's
Point was divided into regions representing four different depth
zones (Table 1). Each depth zone contained 2-4 representative
stations as determined by the bottom depth of each station. (Zone
assignments for a particular station sometimes changed between
cruises as a result of slight differences in positioning and the
resultant bottom depth.) Next, the average SPM concentration
determined from the representative stations was used as the
average Bay-wide concentration for that depth zone. The total
mass of SPM in each region was calculated as the product of this
average concentration, average depth, and total surface area of
the region. Finally, all the regions were summed to arrive at a
Bay-wide total for each cruise. Details and wvalidity of this
procedure were discussed by Baker (1982).

Total loadings for each cruise varied by <10 percent, indi-
cating that sharp changes in surface turbidity caused by changes
in the Puyallup River outflow have very little impact on the total
particle concentration in the Bay. The average particle concen-
tration in the Bay, calculated as the quotient of the average
loading and the total volume (2.86 km3), is 0.70 mg/2 (~1.1/m).
This figure agrees with observed concentrations away from the
surface and bottom boundaries of the Bay.

2.5 Organic Matter Concentrations

Organic matter in the SPM varied between 63 and 10 percent
with distinct seasonal and depth trends. Average values from the
surface water varied from a low of 26.8 percent during the No-
vember survey to over 40 percent in September and March (Table 2).
Average values in the BNL (~5 m above bottom) were always lower
than the surface averages. Least-square linear regressions were
computed between SPM concentrations and percent organic matter
from the surface and near-bottom waters of each cruise (Fig. 15).
Samples from the BNL were always negatively correlated with an
average correlation coefficient of -0.78 (0 = 0.11) and an average
slope of -5.0 (0 = 0.33). This uniformity implies that higher
turbidity values in the BNL are derived from sediment sources
relatively low in organic matter, such as resuspended sediments.
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Spectral analysis of attenuation records from both meters
show strong attenuation peaks at periods of 1.01, 0.520, 0.350,
and 0.257 days. For both records, variance was greatest at a
period of 0.52 days, corresponding to the semidiurnal tidal
signal. Cross spectral analysis between attenuation and salinity
likewise shows the greatest coherency (coherence squared) at a
period of ~0.52 days (coherency = 0.798 for CB3, 0.802 for CB4).
A similar analysis between attenuation and speed along the direc-
tion of net flow showed coherencies to be greatest at shorter
periods: 0.24 days at CB3 (0.764) and 0.350 days at CB4 (0.863).

The variability of near-bottom SPM concentrations was thus
dominated by events occurring at tidal frequencies, at least for
observations on the scale of a few months. These changes were
correlated with both semidiurnal changes in water mass charac-
teristics (as evidenced by salinity changes) and the more frequent
changes in bottom water tidal velocities.

2.6.2 Horizontal Particle Flux

Magnitude and direction of net transport of suspended matter
were calculated for each current meter/transmissometer deployment.
Transport fluxes were obtained by vector addition of the mean and
variable portions of the flow along two component axes:

- - - - 1
Flux = [(u s + % 3 u's')2 + (vs+ % z v's')z]‘2

where u, u' and v, v' = the mean and fluctuating components of the
flow along the east-west and north-south axes, respectively, and s
and s' = the mean and fluctuating components of SPM concentra-
tions. Transport direction relative to the component axes is
given by:

o & 1 tat

.p, ust 2u's'
6 = tan " ( — 1 )
vs+ - 2v's'

The fluctuating component of the flux was always <10 percent of
the mean flux. A summary of the transport results is given in
Table 3. At a depth of 125 m, particles move into Commencement
Bay past CB4 and out of the bay along the southern shore by CB3.
The direction of transport corresponds to the net clockwise flow
of water at this depth. About 13 percent more material is trans-
ported past CB3 than past CB4, but the present sampling density is
not sufficient to ascertain whether this increase is indicative of
a net removal of suspended particles from the Bay by the clockwise
circulation.

-
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3.1.2 Bottom Waters

Unlike the surface waters, no correlation was found between
attenuation and salinity 5 m above the bottom throughout Commence-
ment Bay. Correlation coefficients (r) were -0.72 (CBI), 0.13
(CBII), and 0.16 (CBIII) (Fig. 22). The anomalous value for CBI
was caused by a single data point at station 5; without this low
salinity, high attenuation value the correlation coefficient would
have equalled 0.27 with a slope similar to CBII and CBIII.
Furthermore, the period of maximum mean salinity (November) did
not correspond to the period of either maximum (September) or
minimum (March) mean attenuation.

Correlations between salinity and attenuation in the BNL can
also be examined from the point of view of the mooring data, which
give a detailed comparison of these parameters at a single
location over a Jdong period of time. Regressions between salinity
and attenuation at CB3 and CB4 (Fig. 23) showed no significant
correlation over the length of the deployments. Correlation co-
efficients were -0.012 for CB3 and 0.069 for CB4. These data thus
imply, as do those from the CTD casts, that SPM in the BNL is not
conservative even in a gross sense. Variations in the SPM
concentration depend on local processes (such as resuspension) and
do not simply reflect differences related to changes in the
hydrographic and particle characteristics of deep water entering
Commencement Bay from the Main Basin of Puget Sound. 1In this
sense, the salinity-attenuation relationship in the BNL is quite
different than that found in the surface waters of the Bay, or in
either the surface or bottom waters of Elliott Bay, another Puget
Sound embayment of similar depth and dimensions (Baker, 1982).

3.2 Relationships Between Suspended Particulate Matter and
Current Flow

Data from the moorings and station work reveal at least three
distinct avenues of SPM transport within Commencement Bay. In the
surface layer, transport is dominated by the Puyallup River.
Areal plots of light attenuation during each cruise show a persis-
tent high off the river mouth and a tendency for this material to
be carried out of the Bay along the northern shore. Stations
offshore of Pt. Defiance consistently showed the lowest light
attenuation levels. This pattern strongly suggests a counter-
clockwise circulation pattern in the surface water, a conclusion
supported by the current meter results at 25 m (Figs. 16 and 17)
and the position of the surface plume observed by the authors in
Landsat images. The consistently higher 25-m accumulation rates
at CB4 compared to CB3 are apparently the result of this pref-
erential position of the surface plume. Linear relationships
between salinity and light attenuation in the surface layer
suggest that the suspended particles in the river plume are
removed largely by mixing and that settling has little effect on
particle loss within Commencement Bay.
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