SHAPE AND INITIAL DILUTION OF SAND ISLAND,
HAWAII SEWAGE PLUME
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ABSTRACT: The wastewater plume discharged from the Sand Island Treatment Plant, Hawaii outfall diffuser
was mapped several times during September 25—-October 1, 1994, The deeply submerged plume was patchy at
its center, thin on its edges, and displayed vertically separated layers on three out of five days of plume mapping.
Complexity of the sewage plume shape was due to a combination of factors that include temporal and spatial
variations in currents, temperature stratification, and internal tides. Equilibrium depth, thickness, and initial
dilution of the sewage plume were derived from in-situ measurements proximal to the sewage outfall and were
compared with simulation results from the Roberts, Snyder, and Baumgartner (RSB) model. Simulated equilib-
rium depths were within 6 m of their measured counterparts in all but two cases, and simulated thicknesses of
the plume were larger than measured thicknesses in all but two cases (out of 11 cases). Simulated dilutions were
1.9 times the dilution values derived from in-situ data. Dilution differences are explained by lack of temporal
resolution in velocity measurements and differences between the engineering definition and the oceanographic

characterization of initial dilutions.

INTRODUCTION

Shapes of sewage plumes are rarely observed in detail; how-
ever, the shapes are important since they are indicators of how
the plume is being dispersed, which will affect its potential
pollution impacts. If the plume is compact and homogeneous,
its average concentration may be sufficient to estimate whether
sanitary standards are achieved. But if the shape of the plume
is more complex, other ways to estimate its impacts may be
necessary. Sewage outfall plumes manifest a variety of shapes
in the coastal environment. Off southern California, sewage
plumes have often been found to be shaped as a single, though
sometimes patchy, ‘“‘cloud’’ that extends alongshore, due to
forcing of the dominant alongshore currents (Jones et al. 1991;
Washburn et al. 1992; Jones et al. 1993; Wu et al. 1994). In
the Bosphorus Strait, the sewage plume was observed to be
trapped below the interface between the denser (Mediterranean
waters) and lighter (Black Sea waters) layers of the channel;
sometimes it exhibited a mushroom shape close to shore where
currents in the lower layer were weaker (Besiktepe et al.
1995). Several plume layers were observed at different depths
around the Iona, Vancouver outfall diffuser (Faisst et al. 1990).
Faisst et al. proposed two likely explanations for these obser-
vations: 1) The effluent was discharged over a depth range
from 72 to 105 m leading to varying initial mixing conditions
and, hence, different equilibrium depths; and 2) temporal var-
iability in density stratification and currents led to changes in
plume equilibrium depths. Multiple plume layers have also
been observed with acoustic measurements (Dammann et al.
1991). Dammann et al. concluded that subsurface plumes
“peeled off’’ from the main rising plume and remained in
equilibrium on density gradients, while the main plume sur-
faced. Few of these studies had comprehensive data sets (in-
cluding currents and density stratification) to allow full expla-
nation of the observed plume shapes.

Dilution of sewage plumes can be estimated from in-situ
measurements collected in the plume and background waters
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and, alternatively, can be simulated by models. In the last 10
years, only a few studies have compared measured and mod-
eled dilution for sewage plumes (Faisst et al. 1990; Roberts
and Wilson 1990; Davison et al. 1993; Roberts 1994; Wu- et
al. 1994). Of these studies, two included quantitative compar-
isons between measured and modeled dilutions. In waters off
San Francisco, the Roberts, Snyder, and Baumgartner (RSB)
modeled outfall dilutions were generally higher than measured
dilutions by 12-20%, and modeled heights of rise were lower
by 5-14% (Roberts and Wilson 1990; Roberts 1994). For the
Vancouver outfall, the old version of RSB, ULINE, gave the
best performance of three tested models with an average di-
lution of 1:471, while the field data gave an average value of
1:425 (Faisst et al. 1990). The other studies only gave quali-
tative results. Wu et al. (1994) found that the plume obser-
vations did not allow precise comparisons of dilutions. The
conclusion of an Australian study was that the major features,
i.e., initial dilution, rise height, thickness of the plume, were
in agreement with predictions for a line source of buoyancy
flux discharge (Davison et al. 1993; Roberts 1994).

The present study focuses on the shape and dilution of the
Sand Island Treatment Plant (SITP) sewage plume. SITP is a
primary treatment plant discharging an average of 284 X 10¢
L of treated wastewater per day in the eastern part of Mamala
Bay, Honolulu, Hawaii. The sewage diffuser is located at a
depth of 69-71 m, about 4 km offshore. With this location,
initial dilutions of approximately 1:100 are expected during
summer periods with strong stratification, and between 1:300
and 1:1000 during winter periods with weak stratification (Fi-
scher 1979). Because bacterial contamination was regularly
occurring along the eastern beaches of Mamala Bay, a general
study of all potential point and nonpoint sources of pollution
was organized (Colwell et al. 1995). Our component was re-
sponsible for mapping the SITP sewage plume and comparing
its in-situ characteristics with modeled results. It is crucial that
modeled dilution be checked against in-situ observations be-
cause risk assessment decisions are frequently based on mod-
eled dilutions. Detailed field studies, dilution calculations, and
comparisons with model results, such as those presented in
this paper, are essential for testing of models used for water-
quality assessment.

METHODS
In-Situ Measurements

In-situ measurements were obtained between September 25
and October 1, 1994 using an instrumented towyo platform
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