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Abstract: Soils and sediments contaminated with toxic organic and inorganic compounds harmful to the
environment and to human health are common in the urban environment. We report here on aspects of a
program being carried out in the New York/New Jersey Port region to develop methods for processing
dredged material from the Port to make products that are safe for introduction to commercial markets. We
discuss some of the results of the program in Computational Environmental Science, Lahoratory for
Environmental Science, and Applied Environmental Science and indicate some possible directions for
future work. Overall, the program elements integrate the scientific and engineering aspects with regulatory,
commercial, urban planning, local governments, and community group interests. Well-developed
connections between these components are critical to the ultimate success of efforts to cope with the
problems caused by contaminated urban soils and sediments.
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1 Introduction

The functioning of mega-scale urban conglomerates is dependent on the interaction of
numerous entities that provide government, food, electricity, transportation, and all the other goods
and services needed by its human population. But, as Empedocles proposed almost 2500 years ago,
the world is composed of the four elements of fire, water, air, and earth. Today, we may consider
that these elements are the foundations for our urban cultures with fire equated to energy sources
and air, water, and earth being the veritable bases of our lives. Unfortunately, human activities can
cause contamination of our surroundings with toxic organic and inorganic compounds that harm the
environment and human health. The pathways for the compounds in the environment are complex
and involve multi-directional interactions between the air, water, earth, and biological organisms
(living species) on both a micro and macro scale. While working to ensure that urban regions have
clean air, water, and earth, we need to also pay attention to processes occurring on regional or
global scales.

The New York/New Jersey Harbor region shown in Fig. 1 is a good illustrative example of the
transport and fate of contaminants in an urban system. Anthropogenic contaminants have entered
and continue to enter the system through a variety of pathways including both point and non-point
sources in the 35,000 square kilometer watershed. Historically, poor waste management practices
resulted in releases of these materials. These contaminants, particularly lipophilic non-polar
compounds and organometals like mercury, became bound to the organically rich sediments of the
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Harbor. Over timc, these sediments have been transported via the highly dynamic estuarine
hydrology to various locations resulting in “toxic hot spots.” These sediments, rather than being
removed from the system through burial, are continually disturbed by normal tidal action, storm
water scour, and dredging activitics making the associated chemicals available for exposure to
benthic communities, and thereby entering the estuarine food chain and eventually the human food

supply.

Fig. 1 A map of the New York/New Jersey waterways that are ccentral to the problems of contaminated
sediments and soils considered here. Maintcnance of the navigational channels of the Port of New York/New
Jersey requires removal of around 1,000,000 m® each year

There is also a direct practical aspect resulting from the sediment contamination. Maintenance
of efficient operation of the Port of New York/New Jerscy requires dredging of the navigational
channels in the Port on a regular basis. The amounts vary from year-to-year, but average around
1,000,000 to 1,500,000 m3-year‘1. Consequently, better than half the material is considered too
contaminated for unrestricted ocean disposal due to either toxicity or bioaccumulation potential.
Stringent regulations govern the ways in which this matcrial can be managed. Since Port operations
are vital to the economic viability of the NY/NJ urban region, over the past decade, the region has
invested considerable resources to develop creative, yet environmentally responsible, ways for
managing this material. This is being done through an innovative cooperative inter-agency process
to pursue a policy of reduction in dredging, reduction in pollution, beneficial use, and minimization
of disposal. Douglas et al. (2004) have given a review of the status of contaminated dredged
material management in the Port region.

We summarize here work relevant to the development of methods that can be used to
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economically process/decontaminate sediments and soils to create environmentally acceptable
beneficial use products. The decontamination technology is part of an overall treatment train that
includes dredging, transport to a processing site, decontamination, creation of a beneficial use
product, and shipment to the site of the end use. Fees paid by the beneficiaries of the dredging or
remediation operation and the sale of beneficial use products pay for the treatment train operation.

Technologies investigated included solidification/stabilization, manufactured soil creation
from untreated sediments, sediment/soil washing, solvent extraction, thermal desorption, and very
high temperature treatments. They are applicable to sediments or soils that are lightly (washing) or
heavily (thermal) contaminated and combined are the basis for a treatment train that can be used to
effectively manage the contaminated sediments and soils found in urban regions.

The practical demonstrations have been supported by other activities. They include a
computational capability that uses open source software to provide interactive modeling and
visualization resources for interested users. Additionally, research and development efforts are
carried out to improve our understanding of the biological, chemical, and physical interactions that
govern the interactions of the contaminants with the sediments. This effort is integrated with the
large-scale demonstrations and with the computational modeling work.

Our project approach to contaminated soils/sediments in New York and New Jersey is also
generally applicable to urban sites around the world with similar problems. Specifically, it could
well be of benefit to projects in Shanghai and other regions of China.

2 Computational environmental science

Handling the variety of data related to management of contaminated sediments and soils is a
challenging problem for computational science because of the size and complexity of data sets, the
broad range of interests and needs of the regulatory agencies, governmental agencies, community
and environmental groups, commercial contractors, research groups, and educational institutions.
Fortunately, the tools that are needed to respond to these needs are rapidly becoming available
through recent advances in computer science. The challenge is to produce a system that deals with
an integrated database and gives an easily understandable user interface with tools for viewing and
manipulating selected portions of the overall library. There is a need for integration of existing
resources so that individuals from all the above groups can work with the data and obtain answers
to their questions. In doing this, it is important to reduce the need to down load and install
programs on individual computers or to require the user to work with proprietary soft ware.

Initial work on the outlined concept is under way. A web interface for distributed collaboration
is being assembled. It will use a variety of computer systems for doing large-scale calculations
using parallel computing and distributed computing based on grid concepts to provide sufficient
hardware resources. For some problems, specialized computers such as graphics clusters for
large-scale visualization and simulation or a machine such as the Quantum Chromodynamics on a
Chip (QCDOC), a Columbia-BNL machine originally designed for high-energy physics
calculations that is capable of computing 10 trillion floating-point operations per second, will be
used.

The Web interface for distributed collaboration will interface to: Open geographic information
system (GIS) mapping tool (GRASS, http://www.grass.org); visualization tools (GIMP,
http://fwww.gimp.org; OpenDX, http://www.opendx.org), and specialized software for dealing with
scientific data (Feng et al., 2001) and large data bases of environmental results; and fluid flow
simulations (Lattice Boltzmann Model, http://math.nist.gov/mcsd/savg/vis/fluid/index.html) and
others to cover flow from the micro scale to watershed scale); and grid tools to facilitate remote use
and access to distributed data bases. The interface is being built using Java and client server
architectures, and authorization protocols.

Grid computing will assist the development of global environmental collaborations and
sharing of resources to a new level where interactive work can be done between different regions
that face common problems. Grid computing can couple applications to high-speed network
infrastructures and manage distributed users, data, and computing resources on a global scale. High
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