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Statement of Critical Regional or State Water Problems

Toxic subgtances from chemica spills and nort point source runoff into rivers, reservoirs
or lakes pose a potentid risk to human hedth and aguatic lives. Accidenta spills can be
caused by train derails and truck collisons during ground trangportation, lesking from
factories and storage tanks, and obsolete navigation (barges in the Midwest waterway's
and tankersin other regions). More than athousand toxic spillsrelated to rail aone have
been recorded every year in the United States (Elmer-Dewitt 1991). The Sites of recent
spillswere Marshdltown, lowa, in 1995 and Duluth, Minnesotaiin 1993. The Natiordl
Environmental Law Center reported an average of forty-five chemica accidents per
month in the Great Lakes States done. Toxic substances spilled into surface waters are
primarily pesticides, herbicides, fungicides, and organic compounds, e.g. sodium methyl
dithiocarbamate, methyl isothiocyanate, polychlorinated biphenyls, and polycyclic
aromatic hydrocarbns (Gu et a. 1996; Rosario et a. 1994). Toxic contamination in
sreams and reservoirs may aso result from storm events at landfills and superfund (toxic
disposal) sites and agriculturd runoff as non-point sources (Schnoor et d. 1992; Hayes
1988), especidly in the agricultura states such as lowaand the North Centra region.

Toxic contaminants from spills and runoff have a significant impact on the environment
and continue to be a serious threat to the Nation's and regiona watersheds and water
resources. Theinevitability of toxic spills and runoff points to the need for afull

understanding of the behavior (transport and fate) of toxic chemicals in surface waters



and an effective tool for prediction to assst contamination control, remediation
management and watershed protection.

Expected results include (1) an integrated 2-D river and reservoir toxic contaminant
smulation mode thet will be tested and vaidated with field data for selected watersheds
and past spills and (2) ared-time computer prediction and analys's program to provide
information on locations and concentrations of spilled or runoff-carried toxic chemicals

in areceiving waterbody. The proposed research will advance the understanding of
trangport and fate of toxic contaminants in surface waters and provide effective prediction
techniques for contamination control. Simulations can be performed before, during, and
after aspill or astorm event for short-term or long-term predictions and cleanup and
postaudit assessment. The redl-time prediction and analys's system serves as atool for
quick assessment, emergency response, contamination remediation, and river or reservoir
management within the short period after an actua incident. Predicting the lo-cation and
concentration of toxic chemicas can guide data collection during a spill or runoff event.
The integrated red-time computer program can be used by an emergency response and
remediation team to make predictions, to warn water plants about closing intake
Sructures, and to notify fisheries and reservoir management personnd. The program can
be integrated into aregiond or state contingency plan for emergency response and
remediation management to minimize the consegquences of atoxic runoff or ill, which
will benefit the public and the environment.

Nature, Scope, and Objectives of the Resear ch

Concern has been growing over accidenta chemica spillsinto streams, reservaoirs, or
lakes because of the potentia risk to human and aguetic lives, threat to downstream
drinking and industrid waters, and damage to the ecosystemn and the environment. Toxic
subgtances into surface waters resulting from instream shipping, railroad, ground
trangport, and distributed sources, e.g., agricultura runoff, are primarily pesticides,
herbicides, fungicides, organic compounds, and other chemical contaminants (Hayes
1988; Jasen 1988; Schnoor et a. 1992; Rosario et a. 1994). More than 1,000 toxic spill
incidents related to rail done are recorded every year in the United States (Elmer-Dewitt
1991). Theinevitability of toxic spills points to the need for afull understanding of saill
behavior in surface waters, including physica processes, chemicd reactions, and
biodegradation. An effective tool for fate and trangport prediction of spilled chemicals
and contamination levelsis needed to assst contamination remediation and to minimize
the consequences of atoxic pill and runoff. On the other hand, lack of understanding of
toxic substance behavior in areservoir can hamper effective implementation of spill
control measures.

An integrated two-dimengond (2-D) mathematicd modd is needed to smulate the
variaions of flow, sediments, and contaminants with time and in the vertica and
longitudind directionsin a stream and reservoir system. A redl-time computer prediction
and analysis program, which has been lacking, is necessary for serving as atool for quick
assessment, emergency response, contamination control, and river or reservoir
management within the short period after a spill and runoff. The mode is expected to



eadily and quickly predict the fate and trangport of spilled toxicants and pollutantsin a
river or reservoir system before a spill and runoff or during an actua emergency

response. The modd may also be used for post-audit Smulations. The computer program
is expected to be user friendly and, as a part of the toxic spill response program, assist (1)
contingency planning before a possible spill and runoff, (2) data collection and
contamination control during the emergency response to a reported accident, and (3)
cleanup and post-audit assessment of the environmenta impact of a past event. The
program should be operationd on a microcomputer or persona computer. In the event of
an toxic spill or runoff, the modd can be used on ared-time basis to forecast the location
and digtribution of the spilled materids.

Numericad models were first developed in 1970s for the fate and trangport of toxic
chemicasin surface waters (Thomann 1978; Smith et d. 1977). The screening-leve
EXAMS modd for the premanufacture testing of toxic chemicasin ste-specific water
qudity problems (Burns and Cline 1985) does not include a s multaneous mass baance
equation for sugpended sediment. The existing analytical models by Richardson et d.
(1983) and by van Gils (1988), which does not capture kinetics of physio-chemicd
reactions, are ample and descriptive or conceptuad and suitable only for first
approximation. Gu et a. (1996) developed and applied alongitudind 1-D smulation
model for contaminated dendty currents in the Shasta Reservoir during and following the
1991 Sacramento River toxic spill. The mode was intended to describe the gross flow
behavior and to anayze the dilution mechanism of the contaminant plume in different
flow regimes and under dratified reservoir conditions. However, the modd trested the
spilled chemicds as a conservative tracer, excluding the kinetics of physicd and
chemical processes. Other existing 1-D models (Schnoor et d. 1992), including
WASPS5/TOXICS (Ambrose et d. 1987, 1993), are not capable of providing insight into
mixing processes and depicting the fate and trangport of toxic substances under various
flow regimesin ariver/reservoir system. Therefore, a2-D mode cgpable of smulating
toxicant concentration levels at various times and locations in ariver and reservoir
systemn has been lacking, in additon to the needed redl-time prediction and andys's
program for emergency response and remediation management.

The objectives of the proposed research are (1) to develop and validate an integrated 2-D
mathematical model that Smulates and predicts the fate and transport of toxic chemicd
spills and runoff in rivers and reservoirs or lakes, (2) to develop ared-time prediction
and analys's computer program for emergency responses and remediation management,
and (3) to incorporate the prediction system into an existing regiona contingency plan or
atoxic contamination control program &t the state level. Red-time modding mugt be fast
or by the time that andlys's and results are received the priorities for contamination
control may have changed. To meet the requirements, the following specia features of
the modd will be considered: (a) interactive, (b) operable on a persona computer or
microcomputer, (c) directly accessible to input deta, (d) automatically linked to the
hydrologic and hydrodynamic database, and (€) short prediction time compared to actua
spill trave time. The menu-driven computer smulation and analys's program to be
developed will include a data entry module, an integrated spill modd, and a
visudization/output data presentation module. The program can yield trave times and



concentration curves versustime a various locations and provide timely information by
forecagting the location and digtribution of toxicantsin the event of atoxic spill or runoff.



