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New developments of Visual Plumes - evaluation of bacterial pollution
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ABSTRACT

Virulent or innocuous, high bacteria concentrations can force health authorities to close beaches, to the regret of
the public and the communities that depend on the tourist trade for their livelihood. But, with real-time
identification and measurement still in the future, often, by the time the incident occurs, the potential danger has
passed and safe beaches go unenjoyed, as many tests are based on harmless indicator bacteria and consecutive
violations are relatively rare. Instead, if reliable predictive models could be developed to predict surf zone
bacterial concentrations, the number of beach closures might be reduced significantly. Verification monitoring
would serve the role of assuring model efficacy. The U.S. EPA Visual Plumes model demonstrates how such a
modeling system may ultimately function. It is also used to identify potential engineering practices, e.g., diffuser
design, to achieve greater rise to increase bacterial exposure to lethal sunlight, thus reducing near shore impacts.
Areas for immediate model improvement are identified and related potential health issues, such as toxics.

INTRODUCTION

Visit Huntington Beach State Park in Southern California, shown as a green strip in Fig. 1 (extending 2km in
both directions of the Highway 1 circle near the center), and one sees a wide expanse of sand stretching in both
directions. On a good day Santa Catalina Island is visible on the western horizon and thousands of people crowd
the beach. In the adjacent town of Huntington Beach merchants and full inns serve the recreational activity.

But, in July and August of 1999 only the birds and the waves visited the beach as high bacteria counts forced
health officials to close Huntington Beach to the public, to the dismay of residents, tourists, and merchants alike.
There followed the inevitable furor as disappointed and outraged individuals attempted to understand the causes
of the closure and, in many instances, to assign blame. An obvious candidate for the culprit is the nearby Orange
County Sanitation District’s municipal wastewater outfall, serving over two million people, discharging about a
billion liters per day of equally blended advanced primary and secondary treated sewage some eight kilometers
offshore. Fig. 1 shows the outfall and, inset, a beach scene and the treatment plant, dominated by surge towers.
But, an investigation behind the emotional public debate reveals some interesting and contradictory facts. The
closures are based on sample analyses that take several days to complete and rarely occur consecutively,
suggesting that, first, even if the outfall is the cause of the bacterial standards violations, the beaches could
frequently be left open because the episodes are already over, and, second, that proximate sources, including the
crowd itself, but also nearby combined sewer overflows and natural and unidentified renegade sources, may be
the predominant causes of the violations. Monitoring data from sites shown in Fig. 2 support the conclusion that
offshore and surf zone bacterial concentrations are not strongly related. But, the debate is changing. In a decision
designed to unite the community, the Board of Directors recently voted not to seek a renewal of its 301(h)
permit, one that allowed the District to discharge less-than-secondary treated municipal waste water. Instead, it
will move to full secondary treatment and chlorination.
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Figure 1 - Huntington Beach State Park (green) located south of Los Angeles, just north of the District's outfall.
Inset shows a beach scene and the treatment plant, dominated by two surge towers. Grid cell dimensions,
approximately 8x8km.
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Figure 2 Outfall location and bathymetry, showing sampling sites.
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Whatever the causes, what if better real-time information had prevented the bulk of the 1999 beach closures in
the first place? What if numerical models in the hands of local health officials had been available to help them
determine the likely contribution of the outfall to local conditions? Such tools might be invaluable in helping to
manage to use of the beach and even in detecting the presence of strong local sources to be identified and
controlled. How might such a future function and be realized?

This paper describes how a modified Visual Plumes model, exploiting its time-series capability, was used to
assess the Huntington Beach closure retroactively. This was done using time-series data collected after the
closure and is based on the Progressive Vector Diagram (PVD) approach, similar to the visitation technique used
by Roberts (1990, 1999a, 1999b) applying the RSB, or NRFIELD, model, another one of the resident Visual
Plumes models. While this paper describes the UM3 model possessing similar capabilities, identifying far-field
locations reached by the outfall plume and estimating the corresponding concentrations, it is different in an
important way—it anticipates real time applications. The problem facing health officials is to know the present
distribution of bacteria in the offshore water and to forecast how it will change in coming days. By tracking the
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