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The accuracy of the transport algorithms depend on the accuracy of the current data used and the
specification of the random turbulent diffusion coefficients. The current data used in this study were
produced by a hydrodynamic model (Muin and Spaulding 1997a, b; Swanson et al., 1998; Spaulding et al.
1999a,b; Sankaranarayanan and Spaulding, 2003) calibrated and validated to data from Narragansett Bay
(Rhode Island, USA, Ward et al., 2002). This interconnected hydrodynamic and chemical fate model
system has been used in other studies (e.g., Boehm et al., 2001; French McCay and Isaji, 2004). The
turbulent diffusion algorithms in CHEMMAP have been scaled and validated by dye studies (Okubo and
Ozmidov, 1970; French et al., 1997) and observations of dispersion of (purposefully) spilled emulsions (the

Venezuelan product Orimulsion) in the Caribbean Sea (French et al., 1997).

The results of the evaporation algorithm for surface floating slicks were tested against experimental data
from Kawamura and Mackay (1985, 1987), who conducted seven experiments using toluene, cyclohexane,
hexane and dichloromethane, measuring evaporation rates of chemical volatilizing from a galvanized sheet-
metal pan. To keep temperature constant and avoid any heat conduction from the ground, the pans were
placed on Styrofoam boards. Temperature and wind conditions were recorded for the time of the particular
experiment. Two experiments were conducted for each chemical, with the exception of hexane.
CHEMMAP simulations were performed using the conditions of the experiments, i.e., volume of chemical,
temperature (3-38°C), and wind speed (various outdoor). The normal spreading algorithms in CHEMMAP
were disabled and the chemical thickness held constant at that used in the pan experiments. Table 1
contains the results and Figure 1 shows a comparison of the experimental evaporation to the CHEMMAP-
predicted evaporation. The agreement is good (Pearson r’=0.421) and the linear regression through the data

falls close to a 1:1 relationship (slope = 0.906, with standard error 8.16).



The entrainment and dissolution algorithms, which are also used in the companion oil spill model SIMAP,
have been validated for spills where subsurface concentration data are available. In the oil model SIMAP,
dissolution and volatilization of mono- and polynuclear aromatic hydrocarbons (PAHSs) are estimated and
predicted PAH concentrations agreed with measured values from field samples (French McCay 2003). We

have not identified similar data for a pure chemical spill with which to perform a validation exercise.

Test runs with CHEMMAP and three commonly transported petrochemicals, benzene, toluene and styrene
demonstrate model behavior. The conditions run were a constant wind speed of 3 m/sec or 8 m/sec and no
background current, such that all the dispersion and transport would be wind-driven. Environmental
conditions were: salinity, 30 ppt; water temperature 10°C; and suspended sediment concentration 10 mg/L.
Instantaneous releases at the water surface and at 5 m were simulated. The mass balances over time for
these tests are in Figures 2-4. Figure 2 shows the typical behavior of a floating volatile chemical, benzene.
If released at the water surface, some benzene dissolves, but most of the mass floats and immediately
evaporates. When released at 5 m (subsurface, Figure 2), more benzene dissolves in the water as the
buoyant liquid (as droplets) rises through the water column. However, more than 85% of the spilled mass
reaches the surface and rapidly evaporates off. The behavior of toluene and styrene are similar, but with
progressively smaller percentages dissolved as solubility decreases (solubility of benzene > toluene >
styrene). Figures 3 and 4 show the percentage in the atmosphere (having evaporated from the surface
slicks or volatilized from the water) for all three chemicals and the two wind speeds. With the same
chemical, higher wind speed increases the rate of volatilization, as expected as the increased turbulence

increase flux across the air-sea boundary.



Table 1. Measured and predicted percentage evaporated by 1 hour for chemicals held in a pan at the

indicted thickness.

Evaporation (%) in 1 hr

Thickness of
Experiment  Chemical Name Chemical in Pan Experimental Model Predicted
(mm)
1 Tolulene 23 22.5 22.3
2 Tolulene 23 17.0 21.3
3 Cyclohexane 22 34.4 30.0
4 Cyclohexane 22 34.4 28.9
5 Hexane 24 35.1 38.4
6 Dichloromethane 23 31.0 22.6
7 Dichloromethane 22 25.7 15.0
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Figure 1. Comparison of measured and model-predicted percentage evaporated by 1 hour for four

chemicals in seven experimental tests.
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Figure 2. Mass balance over time for a 1000 MT release of benzene (wind speed 3 m/sec) at either the ater
surface or at 5 m depth (subsurface).
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Figure 3. Percentage of the spilled mass volatilized to the atmosphere over time after an instantaneous
release of 1000 MT at the water surface. (Wind speed indicated in the legend).
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Figure 4. Percentage of the spilled mass volatilized to the atmosphere over time after an instantaneous
release of 1000 MT at 5 m depth. (Wind speed indicated in the legend).
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EMERGENCY RESPONSE ASSISTANCE AND VALIDATION
FOR A CHEMICAL SPILL IN AN UNDISCLOSED RIVER

CLIENT: Confidential

A mixture of MIBK (methyl isobutyl ketone) and
MEK (methyl ethyl ketone ) were accidentally
released through a once through cooling system
into an undisclosed river. This river contained
many branches, with some frozen off due to the
cold weather. The branches that were not frozen
then emptied into a lake.

ASA was requested by the client to determine the
trajectory and fate of the chemical throughout the
multiple branches and lake. On-scene collected
water column concentrations were used to
validate and calibrate the chemical dispersion
predictions.

ASA’s chemical dispersion model, CHEMMAP,
was used to determine the trajectory and fate of
the chemical release. Generation of modeling
parameters, such as hydrodynamic data, wind
data, and chemical behavior, and locations of ice
covering, were used to obtain results.

The CHEMMAP model prediction were then used
by the client to determine sampling locations for
the following day and to determine if any drinking
water intake areas may be of concern for
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contamination. The model predictions were also
used to determine when the chemical plume
would dilute below detection limits, when this
occurred the client could stop sampling. The
sampling of the river and lake were required by
the environmental agency.

During the modeling study the client provided
samples taken for each day. These samples were
used to calibrate and validate the model
predictions. For the provided sampling data, all
observed and CHEMMAP predicted concentration
matched closely in location and concentration.
The figure below depicts a series of sample data
for one day compared to predicted concentrations.
The points on the figure are the sampled points
and the observed concentration in ppb. The color
contours are the model predicted concentration.
The colors refer to the key above the figure.

Please note, due to our confidentiality agreement
we cannot disclose detailed information regarding
this project. Therefore any geographical related
objects have been removed from the figure and are
not described in the project description.

Note: Geographic related objects have
been removed from the figure due to
our conﬁc/ent/}a//ty agreement.
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